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PEEFACE 


TO THE SEVENTH EDITION. 


In this Edition the systematic course of Qualitative 
Analysis has been arranged in the form of tables, which 
will be found greatly to assist the student using the work 
in the laboratory. 

Since the publication of the former Edition, the atomic 
system of notation has been very generally adopted in 
this country, and it has therefore been deemed advisable 
to recur to the use of symbols and erpiations which will 
be found to be largely used throughout the work. No 
complete change has been made in the names Eipplied to 
compounds, since the older names are still often found on 
the labels in laboratories. The more modern names are, 
however, introduced occasionally, in order that the 
student may gradually become accustomed to them. In 
Part Y., devoted to Eeagents, where the older names of 
the tests are arranged alphabetically, the new names have 
been added, together with the chemical formulas of the 
substances. 
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PEEFACE. 


A Table of Symbols and Atomic Weights of the Ele- 
ments has been introduced into the Appendix. The 
Testing Tables in the Appendix have been made to 
include the rarer metals and acids (inorganic) which are 
not treated in the systematic course of analysis. 

King’s College, London, 

April, 1878. 



PREFACE 


TO THE FIRST EDITION. 


Among the many recent and valuable works on Chemistry, 
I am not aware of one having for its special object to 
explain and render simple to the beginner, the various 
processes employed in analysis, or which have been devised 
for the illustration of the principles of the Science. Most 
of them contain much that is superfluous for the general 
student, who has but a limited time to devote to the 
subject; while they are wanting in those explanatory 
details, without which he must often fail to understand 
the rationale of the operations through which he is con- 
ducted. 

It is with a wish to supply this deficiency, and at the 
same time to furnish a text-book for my own classes, that 
the present little work has been written ; and as it is 
intended for the use of those who have made but little 
progress in the Science, my endeavour has been, through- 
out, to make everything as simple and intelligible as 
possible. The employment of complicated or expensive 
apparatus has been almost wholly avoided. 
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PEEFACE. 


The outline of most of the First Part was arranged 
some years ago by my friend Professor Miller (at that 
time Demonstrator of Chemistry in King’s College), for 
the use and direction of the class of Chemical Manij)ula- 
tion, then first established to supply a growing demand, 
and to meet the requirements of the University of London, 
and some of the other examining Boards of the Metro])olis. 
In the compilation of the Second and Third Parts, I have 
l)een much indebted to the excellent works of Rose, 
Fresenius, Parnell, and others; I must also here thank 
my colleague, whose name I have already mentioned, for 
many valuable suggcstions,and for his kindness in revising 
the proof-sheets, without which assistance many errors 
would have crept in, and rendered the book less worthy of 
the student’s confidence. 


JOHN E. BOWMAN. 


King’s College, London, 
Septembevy 1848 . 
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PEACTICAL CHEMISTEY. 


PART I. 


CHAPTER I* 

INTRO DU CTOll Y — GENERA L RULES. 

1. So essentially is chemistry an ex])erimental science, 
and so almost exclusively is it built u]) of facts which 
have been eluci(lat(Hl by experiment, that without experi- 
mental illustrations it would be (juite im|)Ossible to teach 
or to study it with any great amount of success. It is not 
enough, however, for the student to see ex]>eri merits per- 
formed by others ; he must, if lie would master even the 
general principles ol* chemistry, learn to mahe experiments 
himself; and he will, ])i*obably, be surprised how much 
more easily lie will retain in his recollection those pheno- 
mena (as well as the principles they illustrate) which his 
own hands have been the means of producing. This is 
especially the case when he is enabled, while operating in 
the laboratory, to learn and study the theory of the 
changes which tahe place under his direction. 

2. It is very im[)ortant that the student should at once 
began to make careful notes of all the ex[)eriments he en- 
gages in. He should endeavour to do this in as concise 
and methodical a manner as possible, and he will find it 
very advantageous to make use of symbols in describing 
the substances he em[>loys, and the changes which they 
undergo : he will thus be able to record mujh in a small 

* 'I’hc beginner ijs adviaeJ to study the Glossary of Cheniical Terms in the 
Appendix. 
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NOTES. CLEANLINESS. 


space, and at the same time he will be mating himself 
familiar with the composition of the substances with which 
he is experimenting. 

?K When, as is often the case, especially in analytical 
experiments, there are several solutions and precipitates 
either filtering, digesting, or waiting till the operator has 
leisure to attend to them, it is necessary to ma,rk them in 
some way, to prevent confusion. Tliis is easily done with 
small pieces of gummed paper, on which a letter or number 
may be written, CA>rresj)Oudiiig with a similar reference 
mark in the note-book. 

4. The student will soon learn by experience that he 
cannot be too methodical in his operations, or too careful 
in cultivating habits of n(‘atness and cleanliness, d’he 
presence of a little saline or otluT impurity in a glass, 
owing to careless wasliing, or a, little extra, neons matter 
having been allowed to lind its way into a Ijottle or test- 
tube, may retard or spoil the result of wliole days ol‘ lal)our. 

T). It is easy to (dea!! even the dirtiest V(‘ssel, provided 
it has not been allowe<l to remain long with the impurities 
adhering to it; this, indt‘.ed, shoidd never be permitted, 
and is readily avoided by making it a rule n(W(‘r to lea,ve 
work for the day until the whole of the soiled a])[)aratus 
has ])een thorougldy washed and lelt to drain during the 
night, ready for wiping tlie next morning. Tor most pur- 
])Oscs of cleaning, water will be found sutheient, especially 
when the dirt is still moist; and when mtu*e rinsing does 
not remove it, gentle friction with moist tow and coal 
ashes or sand will, in most cas(js, prove ellectual. When 
the form of the vessel to be cleaned is such as will not 
allow the introduction of the hand (as llasks, test-tubes, 
&c.), a small bottle-brush, or a piece of stick or wire, 
having a little tow wra])])ed round the end, will be found 
very convenient. (Hasses or ])asins that have been set 
aside to drain should, l)efore use, be wiped with a dry 
clean cloth, to remove any adhering p)ai'ticles of dust or 
moisture. Bottles or flasks, when recpiired to be jjcrfectly 
dry inside, may, after most of the water has been re- 
mewed, be easily dried by warming them gently, and 
drawing air into them through a glass tube, with the 
mouth; in tliis way the water is converted into vapour, 
whicli is quickly removed by the current of comparatively 
dry air. 
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When a glass or dish is greasy, ii should be first wiped 
as cdoai) as possible with tow or a dry cloth, then mois- 
tened with a little strong potash, and lastly, well washed 
and rinst'd with water. When the dirt to be removed is 
resinous also, or tarry, the a])] plication of strong potash 
or sulphuric acid will generally act upon it in such a way, 
that subse([nent washing with wa.t(;r, together with gentle 
friction wdth sand, will render it quite cl(‘au. It often 
happens, es])ecially when a glass has been allowed to dry 
in a dirty state, that an ins<)luble cmst is fornnul on the 
surfacn wliich is very ditlicult (d* removal ])y mechanical 
means, but readily yields on the a])plicatioii of a few 
drops of hydrochloric or some other a, cad. An instance of 
this is afforded by solutions of lime, wliiidi, on exposure 
to the air, frecpiently dej)osit a crystalline sc'dinient of 
carbonade of lime, which adheres strongly to the glass, 
but instantly dissolves on the addition of the acid. 

b. When tlirown n]K)n his (uvii resoni-e.es, the student 
will often find it of tlu' utmost value to ]»e ahl(‘ to substi- 
tute, in default ol‘ more perfect ai»]):u’atris, the common 
things ust‘d in domestic lile, which a,r(!to 1)C found in ('very 
house, such as glasses, "plab.'s, cups, saucepans, Ac. AVhen 
iu addition to these he has at his eommaiid a, l)lo\v])ipe, a 
small ])iece of jhitiiuiiu foil and Vv'ir(‘, a, liask or two, a 
funnel, and a little gla.ss tnhiug of dithu'ent si//cs, he will, 
with the exercise of a little iug('uuity and coutriva-uec, he 
able to go through a, V(U’y (‘ousiderahh'. e-onrse of experi- 
mental eluuuistry. H(i may rest assured that it is no dis- 
advantage, l.)ut rather the contrary, to he thus com])elled 
to devise and construct for himself rude and extcmipora- 
neous forms of aj)]»aradus ; and if he should rcrpiii-c en- 
conrageniciit to [)erseverc iu spite of the scantiness of his 
resources, he need only 1)(‘. n'liiinded tha.t the majority of 
those whos(^ uames shine hright.c'st iu the annals ol' science, 
have laid the groundwork of their future emineuec^ while 
placed under the most uufavouriihh^ circumstances. So it 
was with the great Diivy so with Dalton, with Scheele, 

♦ “ Ilis means, of eourse, were very limited ; not more <'xtensiv(' than those 
with wliieh Pnesi ley and S -heeie Oeaan their lal)niii-> in tin- same Iruitlul 
held. U is appai al us, I belu-ve, consisted elii( tly ol' ph;als, w iu('-;4‘lasses, and 
t(*a-eups, tonac(:o-j)i[)( S. and ra- tiieii erucihles ; and hi. niaierials were 
chii'lly the mineral .a ids and tlie alkalies, and snme «aher ai tieks which are 
in eummun use in medicine ." — Life of iSir 11. Vucy, by John Davy M.D., vol. 
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USE OF SYMBOLS AND EQUATIONS. 


Faraday, Dumas, Liebig, and many others almost equally 
illustrious. 

Memoranda on the use of Symbols and Efi'fiaiions, 

Each symbol re]>resents an aioniic ivedgld of the element, 
as given in the dhble in the A])])endix. 

The atomic weights are the relative weights of the 
smallest Y>articlcs which can enter into combination. 

Compounds of two or more elements are represented by 
their symbols written close together, with small figures 
annexed to indictite the nnnibc'r. of atoms. 

Thus, hydrocldoric {icid, HCl, a cenq)Ound of one atom 
of hydrogen with one atom of chlorine. 

Sodium phosi>ha,te, NaoHr()4, composed of two atoms 
of sodium, one of hydrogen, one of phosphorus, and four 
of oxygen. 

The formula of a compound body always re])resents a 
molecular weight of the compound. 

The molecular weights arc the relative weights of the 
smallest particles which can exist in a separate form. Thus 
HCl represents d<.)‘o pjirts by weight (TT=1 -f Cl=dr)*r)). 

The substances which are brought together to elfect a 
chemical change are written on the left of the e(]uation, 
and separated by the sign -fi ; the resulting products are 
written on the right, Idius, the equation 

AgNO., -f TICl = AgCl -f HNO3 
implies tlnit silver nitrate and hydrochloric acid produce 
silver chloride and nitric acid. 

The learner will find no difiiculty in writing a largo 
number of equations if it be remem oered that — • 

1 . The mefidti a, siudly change glares ’ivUJt hojdrogen. 

2 . The folio IV lay ineUdv change j^hfces 'with one atom of 

h/ydrogcih : K, Ag, Na. 

3 . The f flowing meiids change 2daces {asiiaUg) with tivo 

atoms of hofdrogen : Jia, Ca, Co, Cu, Fe, Pb, Mg, Mn, 
Ni, Sr,‘Zn. 

4 . The following metals change places {usuaMy) with three 

atoms of hydrogen : Al, 8b, As, Bi. 

The learner is strongly recommended to exercise himself 
in explaining every chemical change by an equation. 
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CHAPTEE IT. 

MANIPULATION WITH GASES. 

SECTION I. 

Trcfaratiou of Hfjdrogcii (IT).* 

7. Weigh 300 grains of granulated zinc, and introduce 
the fragments carefully t}ir{)Ligh the tuhnlure of a retort, 
sliding them, not dr()j)|)ing 
them in, to avoid the risk 
of breaking the bottom of 
the retort, which is usually 
of thill glass, and conse- 
quently seldom strong 
enough to bear a blow with- 
out injury. 

Pour upon fhe medal four 
fluid ounces of dilute sul- 
phuric acid, consisting of 
one part by measure of oil of vitriol and five parts of 
water. 

(Oil of vitriol, when mixed with water, evolves much 
heat; hence they must be mixed in a v(‘ssel of earthen- 
ware or of glass, into which the water is poured first, 
and the sulphuric acid added, in a thin stream, whilst the 
water is stirred with a glass rod.) 

Effervescence immediately commences, owing to the 
evolution of the gas, the zinc being rapidly dissolved, in 
the form of sulj)hate,t with evolution of much heat, and 
some black flakes of load being separated, since that metal 
is nearly always found in commercial zinc, and is not dis- 
solved by dilute sulj)huric acid. The gas may be collected 
in cyliuders filled with water, and inverted upon the shelf 
of the pneumatic trough (hg. 2.) 

♦ The Bpeeilic p:r.ivity, or relative weierht, of hyclrofj-eTi is lower than that 
of any other lorin of nuitler, beiii^ only ()’(Hi9, iluit of eoiinnon air beini^ con- 
sidered I'OUO. 100 cubic iiu ln s, ai- 00° F. and 90 in bar., wei^b 2T I grains. 

”(■ 112^04+ Zu=:il2‘h<^ab0^. 
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PROPERTIES OF HYDROGEN. 


A tlirce-l 0 ,f]:^e(i table made of tin-plate, and perforated 
with two or three lioles, may be placed in any deep vessel 
of water to be nscd as a puenniatic troiii^h. dtie so-called 
hee-hive shelves of earthenware are also nsed for this 
purpose. 

Fill five or six p^as-cylinders with hydrogen before com- 
mencing the following experiments, and set the retort 
aside upon a list ring. 



8, Lift the cylluder which was first filled off the shelf, 
still keeping its mouth downwards, and introduce a 
lighted taper; a slight ex])losion will probably ensue, 
because the hydrogen is mixed with a,tmos])heri(; air pre- 
viously contained in the 
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retort; showing that cf, 
Unlit must never he ap^ 
plied to a hydrogen ap- 
pnralns 'luiiit nil the air 
has her II e, spelled. 

Eepeat the experiment 
with a cylinder of hydro- 
gen free from air; the 
taper is extinguished, for 
the gas does not support 
combustion, but the hy- 
drogen tykes fire at the 


mouth of the cylinder with a slight report, and if the taper 
be carefully withdrawn, it may be rekindled at the flame 
of the hydrogen, and this extinction and rekindhng 
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of the taper may be repeated until the gas has burnt out ; 
H 2 + O (from the air)=H 20 (water). 

9. Fill a small cylinder with the gas, and having re- 
moved it from the shelf, let it stand for a few seconds 
with its open end upvHvrds. If a lighted taper be now 
applied (fig. 6), no combustion will ensue, as the hydrog(m 
will have escaped upwards, on account of its low specific 
gravity. 

10. Repeat the last experiment, holding the cylinder 
with the open end dowaneard^. On applying a lighted 
taper, a sliglit explosion will take place, showing that the 
hydrogen had not entirely escaped as before, but had be- 
come mixed with air by diffanion. 

11. Raise a cylinder of hydrogen from the trough, 
keeping its mouth downwards, and pour the gas upwards 
into another cylinder containing air. Prove the transfer 
of the gas by applying a lighted taper to the mouth of 
each cylinder. 

12. Transfer some of 
the gas from a large cy- 
linder to a small one, 
and from this again to 
tubes, until it can be 
done without allowing 
any bubbles to esca})e.^ 

When the gas is to be 
decanted into a cylinder 
or tube which is mudi 
narrower, it may bo first 
transferred into a lipj)ed 
glass ; or an inverted 
funnel may be used, as 
shown in fig. 4. 

PI. Transfer a little of the hydrogen in this way into a 
graduated cylinder ; measure out two cubic inches, and 
transfer them into another cylinder. 

The graduated cylinder being filled with water, close its 
mouth, under the water, with a glass plate, then raise it, 
with the glass plate beneath, out of the water, and slip the 
plate gradually aside, so that babbles of air may enter; 
measure out, in this way, two cubic inches of air, slide the 

• It is advisable to practise this with ajar containing air, in order to avoid 
wasting the hydrogen. 
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rEEPAEATION OF CARBONIC ACID. 


plate back again so as to close the cylinder, and decant 
the air, under water, into the cylinder containing the two 
cubic inches of hydrogen ; then close this with a glass 
plate, place it mouth upwards upon the table, remove the 
plate, and apply a lighted taper. 

Kepeat the experiment a second time, with two cubic 
inches of hydrogen and lour cubic inches of air ; and a 
third time, with six cubic inches of air, and ascertain in 
which case the loudest explosion takes place. Compare 
the conclusion arrived at with that expected from the 



composition of air and the combining volumes of oxygen 
and hydrogen. 


SECTION n. 

Preparation of Carbonic Acid Gas (COo).* 

14. Put 300 grains of marble (carbonate of lime, CaCO^) 
broken into fragments about the size of a pea, into a 
retort, observing the same precautions as were recom- 
mended in the preparation of hydrogen (7). Measure out 
an ounce and a half of hydrochloric acid (HCl), dilute it 
with an equal quantity of water, and pour the mixture 

♦ Tlie specific erravity of carbonic ncif] is r520 (air bcinj? TO), ]00 cubic 
inches weip^hinf^ 47*:^ trrains. At a temperature ofiUO'^ water dissolves about 
its own bulk ot carbonic acid. 
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upon the marble. The gas is immediately given off, 
causing brisk etlervescence, and it may be collected in jars 
j^laced on the shelf of the pneumatic trough, the first jar- 
full being rejected as impure.* 

15. Introduce a lighted taper 
into a small jar of the gas held 
with its open end upwards. It 
is instantly extinguished ; and as 
the carbonic acid remains some 
time in the jar, on account of its 
high specific gravity, the taper 
may be extinguished repeatedly 
in the same jar of gas. 

16. Pour a little lime-water 
into a test glass, and then(;e into 
a jar filled with the gas,t clos- 
ing the mouth of the jar with a 
glass plate, aud agitating the gas 
and liquid together, ddie lime- 
water almost immediately becomes milky, owing to the 
formation of carbonate of lime, which is insoluble in 
water. Pour a little of this milky fluid into another jar 
of carbonic acid; on closing with a glass plate and 
shaking violently, the milkiness 
will disappear, for the excess cl* 
carbonic, acid dissolves the car- 
bonate of lime. 

If a few drops of hydrocliloric 
acid be added to the other jxu'- 
tion,the carbonate of lime is de- 
composed, and the niilkiness dis- 
appears, chloride of calcium be- 
ing formed, which is soluble in 
water. 

17. Having filled a jar with 
the gas, pour it into another jar 
somewhat smaller (fig. 7); this 
is easily effected, owing to the 
high specific gravity of carbonic 
acid. Test its presence in both 

* CaC 03 + 2II(M = C.aCl2+TT/) + C02. 

t If tlie liiTic-wnt('r were poured from l.lie bon ie ut onee into the pas-jar, 
a quantity of the earbouie acid would enter the bottle and render the whole 
of the lime-water turbid. 
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jars witb. lime-water, and by its power of extinguishing a 
taper. 

18. Allow a little of the gas to escape, nnder water, 
from a jar filled with carbonic acid, and when a little 
water has thus entered the jar, close it with the palm of 
the hand, remove it from the trough, and shake violently 
to and fro ; a portion of the carbonic acid will be absorbed 
by the water, and on plunging the jar again beneath the 
surface and removing the hand, more water will enter to 
supply the place of the gas which had been absorbed ; on 
adding some lime-water to the water in the jar, the pre- 
sence of carbonic acid will be rendered evident. 

19. By means of a narrow tube open at both ends, fill a 
jar over the pneumatic trough, with air from the lungs. 
Test it with a lighted ta]>er, and observe that it causes 
an abundant precipitate in lime-water, owing to the pre- 
sence of carbonic acid. 

20. Invert a jar filled with common air over a lighted 

taper fixed in a cork floating 
on the water of the pneu- 
matic trough (fig. 8); observe 
that it soon burns dimly, 
and is shortly extinguished, 
the water at the same time 
slowly rising in the jar. The 
absorption of air is here 
owing to the disappearance 
of part of the atmospheric 
oxygen, which combines 
with the hydrogen and car- 
bon of the burning wax, 
forming water which con- 
denses upon the sides of 
the jar, and carbonic acid 
gas, which is equal in volume to the oxygen consumed to 
form it, and extinguishes the taper long before the whole 
of the oxygen is exhausted. When the combustion is over, 
transfer the air into another jar, and test it with lime- 
water for carbonic acid (16). 

21. Expose a few drops of lime-water to the air upon a 
clean glass plate, and observe the film of carbonate of lime 
produced after a few minutes by the atmospheric carbonic 
acid. 
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SECTION III. 

Preparation of Nitric Oxide (NO.)* 

22. Put 300 grains of copper turnings into a retort, and 
pour upon it three ounces of dilute nitric acid (HNO 3 ), 
containing equal measures of the strong acid and water. 
Decomposition immediately commences on applying a 
gentle heat (lig. 9), and the nitric oxide is evolved, the 
copper being dissolved in the form of nitrate of copper, 
Cu(N 03 )o, which gives the blue colour to the liquid. 

8HN03+Cu3=3Cu(N03)2+2N0+4Ho0. 



The gas which is first formed becomes orange, owing to 
its conversion into nitric peroxide (NOo) by combining 
with the atmospheric oxygen contained in the retort. 

Before removing the dame from under the retort, be 
careful to take the neck out of the water, or the latter will 
be forced up into the retort as it cools, and may either 
break or overbalance it. 

23. Transfer a litile to a jar, and test it with a taper ;f 
observe the orange fumes of peroxide of nitrogen, which 
are instantly produced wherever the gas mixes with the 
air. 

* The specific gravity of nitric oxide is 1‘039, 100 cubic inchei weighing 
32*22 grains. 

t Pure nitric oxide extinguishes a taper, but the gas obtained by the 
above process often contains nitrous oxide which enables it to support com- 
bustion. 
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24. Measure 2| cubic inches of the gas in a graduated 
cylinder, and transfer it to another jar over the pneumatic 
trough: then measure off an equal volume of atmospheric 
air, and add it, by decantation, to the nitric oxide. When 
the orange fumes have disappeared, owing to the absorp- 
tion of tne peroxide of nitrogen by the water, transfer it 
again to the graduated jar, and observe the volume of the 
mixture, noticing accurately the difference between this 
and the sum of the original volumes employed before 
mixing. This experiment should be repeated three or 
four times, and if the results in each case agree pretty 
closely, take the average of the experiments, and the 
amount of condensation, divided by three, should give 
nearly the quantity of oxygen contained in the atmo- 
spheric air emi^loyed. Two volumes of nitric oxide when 
combined with one volume of oxygen form peroxide of 
nitrogen, which is absorbed by the water ; consequently, 
one-third of the gas absorbed consists of atmospheric 
oxygen. If the experiment be carefully performed, the 
absorption will be found to be equal to about three-fifths 
of the volume of common air employed {i.e. to about 
cubic inch), the proportion of oxygen contained in it being 
one-fifth. 

Though the results obtained in this way are not very 
accurate, owing to the formation of other oxides of nitro- 
gen, the experiment is useful as an exercise in the measure- 
ment of gases. 


SECTION IV. 

Freparation of Olefiant Gas (CoH^).* 

25. Pour into a retort six fluid drachms of alcohol, and 
add to it in small portions an ounce and a half of strong 
sulphuric acid, gently agitating the mixture after each 
addition. Apply heat (fig. 9). and take care that the black 
froth which is formed towards the close of the operation 
does not boil over. Collect the gas in jars over the pneu- 
matic trough .f 

* The ppecific gravity of olefiant gas is 0*978. 
t C^HgO — HjjO = C 2 H 4 . 

Alcohol. Water. 

2 C*H«0 — H*0 = C.HioO. 

Ether. 
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Observe the odour of ether possessed by the bubbles at 
the bec^inniug of the process, and that of sulphurous acid 
towards the end. The olefiant gas has a peculiar odour 
of garlic. 

2fi. Examine a small jar-full with a taper, and observe 
that, though the taper is extinguished, the gas burns with 
a bright white flame, a property which constitutes its 
great value as the chief illuminating constituent of coal- 
gas. aH 4 -h 06 = 2 C 9 ,+ 2 H 20 . 

27. When mixed with an equal volume of chlorine, the 
two gases combine, forming a heavy oily compound, called 
Dutch liquid. (CgH^Cl^.)* 

The oil collects in drops on the sides of the jar and on 
the surface of the water, while the gases are gradually 
absorbed. 

Olefiant gas derives its name from the circumstance of 
its forming this oily compound. 

28. Mix together one volume of olefiant gas and two 
volumes of chlorine; close the jar with a glass plate, and 
quickly remove it from the pneumatic trough. Apply a 
light to the mixed gases, and observe the dense cloud of 
carbonaceous matter that is formed as the (combustion 
gradually passes down the jar, hydrochloric acid being at 
the same time produced, the chlorine combining only 
with the hydrogen of the olefiant gas, and liberating the 
carbon. &^,-\-C\^=4RGl+C2^ 

SECTION V. 

Preparafdon of Chlorine (Cl.)* 

29. Arrange the apparatus as in the preparation of 
nitric oxide (hg. 9). Introduce into the retort 250 grains 
of black oxide of manganese (MnOg) and pour upon it 
two ounces of common liydrochloric acid (HCl) ; mix 
them well by agitation, and apply a very gentle heat. 
Collect the gas in jars filled with water, taking care not 
to allow any to escape into the air. The jars will be 
seen to be filled with tne gas by its bright greenish-yellow 
colour.f 

30. Drop a piece of blue litmus paper into one of the 

* The Bpecific gravity of chlorine is 2‘47. 
t Mu0a+4UCl=MuCla+2U20+Clj. 
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jars, when it will be perfectly bleached. Close the jar 
again with the glass plate to prevent the escape of the 
irritating chlorine. 

31 . Immerse a burning taper in ajar of chlorine. The 
hydrogen in the wax combines with the chlorine and burns 
with a red flame, giving off fumes of hydrochloric acid 
mingled with fine particles of carbon. 

32 . Transfer a little of the gas, under water, from one 
jar to another, so that some water may enter the first jar. 
Close this firmly with the palm of the hand, remove it 
from the water, and shake it violently, when the water 
will dissolve about twice its volume of chlorine. The 
suction upon the hand indicates this absorption of the gas ; 
again invert the cylinder under water, and remove the 
hand, when twice as much water should enter. Test the 
solution with litmus iiaper and with nitrate of silver. 

33 . Mix equal volumes of hydrogen and chlorine over 
water, place the jar u])on the table and apply a lighted 
taper, when the gases will combine with explosion, forming 
hydrochloric acid.* 

34 . Wet a piece of paper with solution of ammonia, and 
dip it into a jar of chlorine. Thick white clouds of hydro- 
chlorate of ammonia are produced; the chlorine seizing 
the hydrogen of the ammonia to form hydrochloric acid 
(which combines with another portion of ammonia), whilst 
the nitrogen is liberated. If the ammonia be very strong, 
a pale flash of flame attends the decomposition. 

4NH3+Cl3=3Nn4Cl+N. 


SECTION VI. 

Trefaratlon of Carbonic Oxide (CO).t 

35 . Carbonic oxide is prepared by the action of strong 
sulphuric acid on oxalic acid. When a mixture of the two 
acids is warmed, the oxalic acid is resolved into carbonic 
acid, carbonic oxide, and water, which latter unites with 
the sulphuric acid. H2C0O4 — 1120= 002 + 00. 

The carbonic oxide is purified from the carbonic acid 
by passing it through a solution of potash or milk of 
lime. 


Direct sun-lig-ht would also cause the explosion of the mixture, 
t The specific gravity of carbonic oxide is *967. 
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36. Adapt a cork to a wide-mouthed bottle capable of 
holding half a pint of water, and fit to it two tubes, one 
of which, a (tig. 10), should be about half an inch in 
diameter, straight, and sufficiently long to reach nearly to 
the bottom ; the other, ?>, should only just pierce through 
the cork, and should be bent so as to deliver the gas, as 
shown in the figure : the diameter of this tube need not 
be more than about I of an inch. 

The flask is fitted with a cork, which should be bored 
to allow the bent tube c to pass through it ; and care must 
be taken that this tube is sufiiciently small to slide easily 



Fig. 10, Preparation of Carbonic Oxide, 


down the tube a, and long enough to reach to the bottom 
of the bottle, into which enough water is poured to cover 
the bottom and the end of the tube a. 

37, Charge the flask with 180 grains of crystallized 
oxalic acid and two fluid ounces of strong sulphuric acid. 
On applying a gentle heat, the gas is given oft*, the first 
portions of which must be rejected as impure, and then 
two or three jar s-full maybe collected over the pneumatic 
trough. The gas thus obtained is a mixture of equal 
volumes of carbonic acid and carbonic oxide- 

38. Having collected two or three jars-full of the mixed 
gases for comparison, withdraw the tube c for a moment, 
and introduce two ounces of a moderately strong solution 
of potash, through the tube a; replace the tube c, and 
proceed to purify the gas from carbonic acid, by passing 
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it througli the alkaline solution in the bottle. Pure car- 
bonic oxide may then be collected. 

39. Agitate a little lime-water with ajar-full of the un- 
purified gas ; the presence of carbonic acid is shown by 
the formation of carbonate of lime. 

40. Kepeat the experiment with ajar-full of the purified 
gas. No precipitate ought now to appear. 

41. Apply a lighted taper to a jar-full of the impure 
gas, and observe the characteristic pale-blue flame with 
which the carbonic oxide burns. 00 + 0 = 002 - 

42. Do the same with ajar of the pure gas : the flame 
is brighter than when carbonic acid was present. 

43. Pour a little lime-water into the jar used in the last 
experiment immediately after the combustion of the gas. 
The white precipitate which now appears, and which was 
not formed when the same gas was tested previous to the 
combustion, shows the result of that jDrocess to have been 
the formation of carbonic acid. 


SECTION VII. 


Preparation of Oxygen (0).* ^ 

44. Weigh 100 grains of chlorate of potash (KClOg) in 
powder, mix it with 20 grains of well-dried black oxide of 
manganese,t and place the mixture in a plain retort ; ad- 
just the retort so as to deliver the gas under the shelf of 
the pneumatic trough (fig. 11), and aj^ply the heat of the 
lamp. 

45. The chlorate of potash is thus decomposed, and 
gradually gives olf the whole of its oxygen, while chloride 
of potassium remains in the retort, together with the 
oxide of manganese, which is not decomposed during the 
process. J 

The first portions of the gas should be rejected as im- 

• The Bpecific jfravity of oxygen is 1*1057, 100 cubic inches weighing 34*20 
grains. 

t Test a little of the oxide of manganese by mixing on a piece of paper 
with some chlorate and heating on the point of a knife or a piece of glass or 
porcelain to see that it does not explode. Dangerous accidents have arisen 
from antimony sulphide having been mistaken for the manganic oxide. 

X The oxide of manganese is here used, because it is found that, when thus 
mixed, chlorate of potash gives off its oxygen with much greater facility and 
at a lower temperature than when heated alone. KClOa^KCl+Oa. 
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pnre, being mixed with the common air contained in the 
retort. 



11 . 


46. The jars used for the following experiments should 
be open both at the top and bottom, the edges of both 
being ground smooth, so as to be closed 
air-tight with a glass plate h (fig. 12). 

When filled with gas they are removed 
from the trough by sliding under them 
plates or saucers, which will retain 
enough water to prevent the escape of 
gas. Stoppered jars are more conve- 
nient than those closed with glass- 
plates * 

47. Fill a jar with the gas, and in- 
troduce a glowing taper; it will in- 
stantly burst into flame, and burn with 
great brilliancy, until mostofthe oxygen 
is exhausted by combining with the car- 
bon and hydrogen of the wax. 

48. Introduce into another jar of the gas a small piece 
of ignited charcoal, attached to the end of a wire thrust 
through the cork in the neck of the deflagrating' collar 
(Bf fig. 13). It bursts into vivid combustion, combining 
with the oxygen, and forming carbonic acid, the presence 

* Stoppered bottles which have been cracked at the bottom are convertible 
into g'as'jars by leading the crack round the bottle with a red hot iron. 

C 
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of whicli may be proved by agitating a little lime-water in 
the jar (16). C +02=002- 

49. Repeat the experiment witb a small coil of thin iron 

wire, to wbich a little char- 
coal or amadou should be 
attached and ignited, for 
tbe purpose of beating the 
iron sufficiently to cause 
it to burn. A watch- 
spring (A, fig. 13), deprived 
of elasticity by being heat- 
ed in a flame, then made 
into a coil and filed very 
bright and thin at one 
end, which is warmed and 
dipped into flowers of 
suliffiur, will burn very 
brilliantly in the jar of oxygen (0) if the sulphur be first 
kindled. The iron combines with the oxygen, forming the 
black oxide, fused globules of which droj:) to the bottom, 
and should be received in water, as they are so intensely 
hot as to fuse into the glaze of a plate if allowed to fall 
upon it. re3 + 04=Fe304. 

50. Place a fragment of 
sulphur in a deflagrating 
spoon (A, fig. 14), set it on 
fire by holding it over a 
lamp, and introduce it in- 
to a jar of the gas; the 
suliffiur burns with a bril- 
liant blue flame, combi- 
ning with the oxygen, and 
forming sulphurous acid. 
S + 02 = 802 * 

51. Repeat the experi- 
ment with a very small 
piece of phosphorus,* pre- 
viously dried by careful 

14 . pressure (without friction) 

in filter-paper, and kin- 
dled by touching it with a hot wire. The flame is dazzling, 

♦ Phosphorus must be cut under water, and very carefully handled, lest it 
should take fire. 
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and emits white clouds of anhydrous phosphoric acid. If 
the piece of phosphorus be too large it will crack the jar. 

62. Mix together two volumes of hydrogen and one of 
oxygen, and with the mixture fill a small jar or tube, 
which for this experiment should be made of thick glass. 
On applying a light, the gases combiue with a loud explo- 
sion, forming water. H 2 + 0 =Hj^ 0 . 


SECTION VIII. 

Preposation of Gases which cannot he collected over Water, 

63. Although in the preparation of many of the common 
gases it is most convenient to collect them over water, 
still there are many cases in which this method is inap- 
plicable, as when the gas is to any considerable extent 
soluble in water. It is usual in such cases, especially when 
great purity is necessary, to collect them in tubes or jars 
over mercury, which is not acted upon by the majority of 
the gases. For common purposes, however, some of them 
may be collected by the displacement of common air in 
dry bottles, and the more the gas differs in density from 
atmospheric air, the more is this method applicable. 

Hydrochloric acid gas and ammonia may be prepared 
to illustrate the process. 

Preparation of Ilydiv chloric Acid Gas (HCl).* 

64. This gas is easily obtained by the action of suljjhuric 
acid on common salt. 

To the neck of a dry Florence flask, a bent tube of the 
form represented in fig. 15, is adapted by means of a per- 
forated cork ; and the flask is charged by introducing 300 
grains of dry chloride of sodium (NaCl) and adding to it 
six fluid drachms of strong sulphuric acid. Immediate 
effervescence takes place, and the bent tube is passed down 
to the bottom of a dry bottle of about a pint capacity, 
which should be furnished with a greased stopper or glass 
plate ; while the bottle is being filled, the mouth may be 
loosely closed with a piece of card or paper. f 

* The specific {gravity of hydrochloric acid gas is 1’247, 100 cubic inches 
weighing 39-64( grains. 

t If common salt be melted in an earthen crucible and poured out upon a 

c2 
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66. Observe the dense fumes which are formed wherever 
the gas mixes with the air, especially if the atmosphere is 

damp, owing to the combi- 
nation of the gas with the 
aqueous vapour. The bot- 
tle may be considered full 
when the gas has been flow- 
ing over from the mouth of 
the bottle for two or three 
minutes ; the tube should 
then be slowly withdrawn, 
and the bottle tightly closed 
with the stopper or plate. 
Three or four bottles may 
be similarly filled with the 

'^-ohlolo gentle heat being 

applied when the evolution 
of gas slackens. 

66. The action of strong sulphuric acid upon chloride 
of sodium, consists in an exchange of one-half of the 
hydrogen in the former for the sodium in the latter, pro- 
ducing acid sulphate of sodium, which remains in the 
flask, and hydrochloric acid gas. 

ISraCl + lioS 04 =NaHS 04 +HCl. ^ 

67. Ascertain the action of the gas on a piece of blue 
litmus paper. 

68. Eemove the stopper from one of the bottles, in- 
stantly close it again with a dry glass plate (a precaution 
which is on no account to be omitted, as the stopper might 
in that case become immovably fixed), an<i plunge it with 
the mouth downwards into the water of the pneumatic 
trough. If the bottle has been well filled, the water will, 
when the glass plate is removed, quickly rise and nearly 
fill it, while the unabsorbed residue shows the quantity of 
common air left in the bottle.’*^ 

This experiment must not be made without first re- 
moving the stopper, and substituting the glass plate ; if 
it is attempted to take out the stopper while the bottle is 

dry stone, it will evolve a very steady supply of hydrochloric acid tjas when 
heated with sulphuric acid. Lumps of sal-ammoniac (hydrochlorate of am- 
monia) may also be used with advantage. 

* Water at common temperatures is capable of dissolving no less than 480 
times its own volume of hydrochloric acid. The liquid hydrochloric or 
muriatic acid of commerce is a solution of the gas in water. 
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under water, there is great danger of its becoming so 
firmly fixed, as to be almost incapable of removal, owing 
to the absorption of the gas by the water, and the forma- 
tion of a partial vacuum. 

59. Test a little of the acid solution obtained in the last 
experiment, in a test tube, with litmus paper, and after- 
wards with a few drops of solution of nitrate of silver.* 
Close the tube with the thumb and shake it violently. 
Let the precipitate (chloride of silver) settle, pour away 
the liquid, and treat the precipitate with nitric acid, which 
will not dissolve it. Pour off* the nitric acid, and shake 
the precipitate with a little ammonia, which will dissolve 
it at once. 

60. Eeserve a bottle of the gas for an experiment (66) 4 
with ammonia. 

SECTION IX. 

Preparation of Ammonia Gas (NHg).^ 

61. This gas may be collected in a similar manner to 
the last ; but as it is specifically lighter than common air, 
the bottles in which it is collected 
must be kept, while filling, with the 
mouth downwards, the delivering 
tube passing upwards to the top 
(fig. 16). The bottles must be per- 
fectly dry. They may be sup- 

C d upon a perforated wooden 
or tin plate, ifiaced upon the 

ring. 

62. Mix 300 grains of powdered 
quick-lime (CaO) with 300 grains 
of chloride of ammonium (ISIH4CI) 
in a mortar, transfer the mixture to 
the flask, and apply a very mode- 
rate heat. Chloride of calcium, to- 
gether with the excess of lime, will 
be left in the fiask, whilst ammonia 
and water are evolved. J 

To ascertain when the bottle is filled with gas, bold a- 

* HCl + AgN03=AgCl+HN08. 

t The specific gravity of ammonia gas is 0*689, lOo cubic inches weighing 
18*288 grains. 

t 2 NH4Cl+Ca0*2NH3+H20+CaCl2. 
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piece of moistened turmeric or red litmus paper near its 
mouth; a strong alkaline reaction will be perceived. 
When this is the case, slide a greased glass ]date under 
the mouth of the bottle and slowly withdraw it, replacing 
it immediately by another. The closed bottle should be 
set aside with its mouth downwards. When three or four 
bottles have been filled, proceed with the following experi- 
ments : — 

(13. Observe the effect of the gas on a lighted taper 
slowly thrust up into the inverted bottle : it extinguishes 
the flame, and at the same time shows a slight tendency 
to burn with a pale green flame. 

64. Place one of the bottles with its mouth downwards 
under water, remove the glass plate and observe the rapid 
absorption. That which remains unabsorbed is atmo- 
spheric air.* 

65. Test the liquid obtained in the last experiment 
(which is a weak solution of ammonia) with turmeric and 
reddened litmus paper ; the former is turned brown, the 
latter has the blue colour restored. 

66. Invert the reserved bottle of hydrocliloric acid (60) 

over the bottle of ammonia 
(fig. 17), and cautiously re- 
move the glass plates so as 
to allow the gases to mix. 
Dense white fumes, consisting 
of hydrochlorate of ammonia 
or chloride of ammonium, are 
immediately produced, which 
in a short time collect in flakes, 
and fall like snow on the sides 
and bottom of the vessels. 
In this combination of the 
hydrochloric acid with the 
ammonia, considerable heat is 

evolved. Close the bottles again with glass plates, place 
them upon the table, and test the gas left in each with 
blue and red litmus paper, to ascertain if either of the 
gases was employed in excess. HC 1 +NH 3 =NH 4 C 1 . 

* Water at eomnion tcirperaturcs is capable of absorbing nearly 700 times 
its volume ol'a'umoiiia gas. 
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CHAPTER III. 

DISTILLATION. 

SECTION I. 

Distillation of Water. 

67. Adapt a cork to the neck of a quilled receiver, and 
bore a bole through it to fit the neck of the retort, which 
should pass through it for about two inches. When this 
is done, the apparatus may be fitted up as shown iii% 
the figure (fig. 18). The funnel which supplies water for 
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cooling the neck of the retort, has its throat partially 
obstructed by a plug of tow, so that the water may flow 
only drop by drop ; the neck of the retort is covered by a 
slip of filter paper, cut of such a width as almost com- 
pletely to encircle the neck, and tenderly laid lengthwise 
on after being wetted; between the lower end of the 
paper and the quill receiver a thin fillet of wet tow is 
bound twice round the glass, and the ends twisted into a 
tail to carry off the superfluous water, which drops into 
a basin placed underneath for its reception. The quill of 
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the receiver passes into a small flask or bottle, which is 
kept immersed in water during the process, in order to 
keep it cool. 

68. When the apparatus is thus arranged, the retort 
must be cautiously charged with common water till nearly 
half full, care being taken that none of it gets into the 
neck, as it would run down into the receiver and conta- 
minate the distilled water, which would otherwise be 
pure. The upper part of the body of the retort being then 
covered with a conical cap of stiff brown paper to prevent 
loss of heat by currents of air and radiation, the lamp 
may be applied, care being taken that the ebullition does 
not go on too violently, lest any of the impure water 
should splash or boil over into the neck of the retort. 
The first ounce of water that comes over should be rejected 
as impure, after which two or three ounces may be dis- 
tilled for examination.* 

69. While the distillation is going on, another portion 
of the water operated on may be tested, with the view of 
discovering some of the impurities present in it. Fill four 

tcst-tubesf about one-third 
full of the undistilled water, 
and add to them respectively 
a few drops of the following 
reagents : — 

{a) To the first add a so- 
lution of chloride of harium ; 
a white precipitate, insoluble 
in dilute hydrochloric acid,J 
indicates the presence of sul- 
phates, most commonly sul- 
phate of lime. 

{b) To another portion 
add a solution of nitrate of silver. If any chloride is 
present (usually chloride of sodium), a white curdy pre- 
cipitate of chloride of silver will be produced, insoluble in 
nitric acid, but readily soluble in ammonia. By exposure 

* A retort must never be heated before the liquid is introduced, and the 
flame must be so regulated during the distillation, that the sides of the retort 
above the level of the liquid may not be too highly heated. 

t The tests are of course more delicate when applied to larger quantities 
of the water, such as a wineglass or tumblerful. 

X In testing the solubility of a precipitate in any liquid, pour off a small 
portion into a separate tube for the experiment, reserving the rest for com- 
parison. 
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to the light this precipitate gradually becomes purple, 
especially when the water contains organic matter. 

(c) To the third tube add a little lime-water ; a white 
precipitate, soluble in hydrochloric acid, shows that a 
carbonic acid is present.* 

(d) To the remaining tube oxalate of ammonia may be 
added, which will give a white precipitate if any lime is 
present. 

70. Test the distilled water in the same way ; if pure it 
will of course furnish no precipitate with any of the re- 
agent s.f 

71. Evaporate a few drops both of the distilled and un- 
distilled water on j^latinum foil or a clean slip of glass : a 
considerable residue will probably be left by the latter. 


but no trace of solid matter 
ought to be observable where 
the distilled water was eva- 
porated. 

72. During ebullition, the 
water in the retort usually 
becomes turbid, owing to the 
formation of a white insoluble 


% 



powder, which may be sepa- 
rated by filtration when the 
distillation is over. 

To prepare a filter, take a cir- 
cular piece of white filtering or 
blotting paper, and fold it neat- 
ly, so as to form a cone when 
opened out (fig. 20). Moisten 
the paper placed in a funnel 
with distilled water, and then 
carefully pour in the liquid to be 
filtered (fig. 21). 

When the liquid has passed 
through, the filter and funnel 
are placed over another test- 
glass; the clear solution being 
reserved for examination (75). 


Fi^. 20 . 



Fig. 21. 


* This test would only detect carbonic acid if present in cOMiderable 
quantity : its failure must not be assumed to indicate the entire absence of 
carbonic acid. 

t In order to prove the cleanliness of the tube, it is advisable to poor a 
few drops of the reagent into it, and then to add the water to be tested. 
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73. A large proportion of tlie deposit will be found 
upon the sides of the retort ; pour into this two drachms 
of dilute hydrochloric acid, when the deposit will dissolve 
with effervescence, indicating that it is a carbonate (pro- 
bably of lime). Einse the acid round the retort and pour 
it upon the filter to dissolve the rest of the deposit. 

74. Add to a little of the solution thus obtained am- 
monia in slight excess,* and a little oxalate of ammonia : 
a white precipitate shows the presence of lime. The 
powder is thus proved to contain carbonate of lime. This 
carbonate of lime had been held in solution by the excess 
of carbonic acid contained in the water ; when the gas 
is expelled during ebullition, the carbonate is precipi- 
tated. 

75. Test the solution filtered from the carbonate of lime 
in (72) with chloride of barium, nitra te of silver, lime-water, 
and oxalate of ammonia ; and compare the results with 
those obtained in (6b)> when the water was examined in 
its natural state. As most of the lime has been separated 
as carbonate, we may expect to find less of it in solution 
than before, but more of the sulphates and chlorides, 
since they still remain dissolved in a more concentrated 
form. 


SECTION II. 

Dlstillatio7i of Hydrochloric Acid, 

76. Fit up the apparatus as in the ordinary process of 
distilling water (67), taking care that the cork is perfectly 
air-tight ; then remove the retort, and introduce through 
the tubulure 1000 grainsf of dry chloride of sodium in 
coarse powder, taking care that none of the particles fall 
into the neck of the retort: then adjust the apparatus 
as before. Measure into the small flask or bottle which 
is to receive the distilled acid 12 fluid drachms of water, 
and mark with a file the height at which it stands ; and 
having emptied it, measure into it seven drachms of dis- 

* To judge if the ammonia is in excess, close the mnutli of the tube with 
the thumb, and shake it. The excess of ammonia will be perceived by its 
odour. 

t Tn this and many other of the experiments, small quantities are men- 
tioned to suit the convenience of my class of Practical Chemistry, the lessons 
being only two hours long. When the products of the experiments are 
wanted for use, much larger quantities must frequently be employed. 
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tilled water, whicli will be increased to 12 drachms by the 
hydrochloric acid which distils over. During the distil- 
lation care must be taken that the quill of the receiver 
dips just under the surface of this water, which will assist 
in condensing the acid fumes, some of which might other- 
wise escape ; but the tube need not pass to the bottom of 
the water, because the solution of hydrochloric acid is the 
heavier of the two. 

77. Into a small evaporating basin pour seven drachms 
of water, and add gradually to it six drachms of strong 
sulphuric acid, stirring the mixture with a glass rod. 
When nearly cool, this dilute acid may be poured care- 
fully into the retort through a small funnel, avoiding any 
splashing or soiling of the neck. A gentle heat may then 
be applied, which must be regulated according to %ie 
rapidity with which the acid distils over, great care being 
taken that the mixture does not boil over into the neck of 
the retort (56). 

The distillation may be continued until the liquid in 
the receiving bottle has increased to twelve drachms of 
acid, which may bo known by the mark previously made. 

The acid in the receiver may now be examined as to its 
purity. Pour a little into a test tube, dilute it with about 
three times its bulk of water, and add a few drops of a 
solution of chloride of harinm ; if a white precipitate 
appears which is insoluble in the acid, it shows the pre- 
sence of sulphuric acid as an impurity.* 

78. Evaporate a few drops of the acid on platinum foil 
or a clean slip of glass ; no trace ought to remain. Any 
solid residue shows the presence of some saline impurity, 
caused, probably, by a little of the salt employed having 
got into the neck of the retort, and been washed down 
into the receiver. 


SECTION III. 

Distillation of Ammonia. 

79. Prepare the apparatus as in the distillation of 
water (67). 

* Repeat the experiment with the undiluted hydrochloric acid. A crys- 
talline precipitate will be formed which might be supposed to indicate sul- 
phuric acid, but it will be dissolved on shaking with water, for it consists of 
chloride of barium which is insoluble in strong hydrochloric acid. 
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Introduce into the retort, through the tubulure, 450 
grains of quick-lime in powder, and 530 grains of chloride 
of ammouium, add five ounces of distilled water, and shake 
the retort to prevent the lime from caking at the bottom. 
Measure into the receiving flask or bottle fifteen drachms 
of water, and mark with a file the height at which it 
stands ; empty it, and pour in two drachms of distilled 
water for the quill of the receiver to dip into during the 
distillation. 

The distillation may now be commenced, carefully re- 
gulating the heat, and continuing it until the distilled 
liquid reaches up to the file mark in the receiver, when 
fifteen drachms will have been obtained. 

80. Pour a little of the ammonia thus prepared into a 
test tube, and add to it a few drops of chloride of bar mm ; 
if a precipitate appears, it is owing to the presence either 
of carbonic or sulphuric acid. To distinguish between 
them, add dilute hydrochloric acid in slight excess ; if the 
precipitate thereupon dissolves, it is due to carbonic acid ; 
if not, to sulphuric. 

81. Test another portion of the ammonia with a little 
oxalate of arnmonia ; if a white precipitate is formed, it 
is owing to the presence of lime as an impurity. 

82. Add to a little of the distilled liquid a slight excess 
of dilute nitric acid* in a test tube, and add a few drops 
of a solution of nitrate of silver ; a white precipitate indi- 
cates the presence of a chloride. If a further portion of 
the ammonia be added, so as to render the liquid alkaline, 
the precipitate redissolvcs. 

83. If no precipitate occur with any of these tests, eva- 
porate a few drops of the ammonia on a slip of glass or 
platinum foil, and observe whether any trace of saline im- 
purity is left. 


SECTION IV. 

DistillatioJi of Nitric Acid, 

84. Fit up the apparatus as in the distillation of water 
(67).t Introduce into the retort 1000 grains of nitrate of 

* Enough to destroy the smell of ammonia. 

t In preparing this acid upon a larger scale, it would be necessary to avoid 
the use of cork, which is acted upon by the acid ; the neck of the retort 
would then be merely slipped into that of the receiver. 
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potash (KN O3) ; pour upon it ten drachms of strong sul- 
phuric acid, previously diluted with an equal bulk of 
water (77), and apply a gentle heat, observing the same 
precautions as were recommended in the former cases. 
Nitric acid will distil over, leaving bisulphate of potash 
(or acid potassium sulphate) in the retort. 

KN 03 +H 2 S 04 =KHS 04 -hHN 03 . 

85. While the distillation is going on, dissolve a few 
crystals of the nitrate of potash in distilled water, for the 
purpose of ascertaining its purity. 

(a) Test a little of the solution with nitrate of silver ; 
if any chloride is present, a white curdy precipitate 
appears, which is insoluble in nitric acid, but readily 
soluble in ammonia. 

If the nitrate employed is contaminated with any ohlo- 
ride, the acid which distils over is sure to contain a little 
chlorine.* 

(5) To another portion, add a solution of chloride of 
harkmi; if any sulphates are 
present, a white precipitate is 
produced, which is insoluble in 
dilute hydrochloric acid. 

86. Dissolve 250 grains of 
nitrate of potash in an ounce 
of hot water, in an evaporating 
basin a, supported on the retort 
stand h (fig. 22), and observe 
the gradual formation of crys- 
tals as the solution cools. 

Remove some of these from 
the liquid, and dry them on fil- 
tering paper; then redissolve 
them in distilled water, and 
test the solution as before, with 
nitrate of silver and chloride of 
harium. The precipitates, if 
any, will be less dense than in the previous examination, 
showing that a partial purification has been effected. 

87. The distilled nitric acid may now be tested for im- 
purities, but before the test liquids are applied, a portion 
should be diluted with four or five times its bulk of dis- 

* That which distils over at the commencement will he found to contain 
most chlorine. 
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tilled water, since the chloride of barium and nitrate of 
baryta are insoluble in strong nitric acid, and would con- 
sequently cause a precipitate, even though no sulphuric 
acid were present. A portion may then be tested for 
sulphates and chlorides with chloride of barium and 
nitrate of silver. 


C H A P T E E IV. 

GLASS-WORKING. 

88. The most convenient form of apparatus for working 
glass on the small scale, is the water blowpipe, which 
consists of an upright box, about hi'teen inches high, of 
the form represented in figure 23. It is usually made of 

zinc or copper, and is di- 
vided into two compart- 
ments by the plate a, 
which passes down to 
within about half an inch 
of the bottom, thus leav- 
ing a communication open 
between the two. The 
lower end of the tube h is 
closed by a valve opening 
outwards : the box should 
be filled about half full of 
water, and when used, air 
is blown through the tube 
h. The pressure thus oc- 
casioned in the compart- 
ment c, forces a portion of the water into the next divi- 
sion d, where it rises to a higher level than in c, and by 
its superior pressure forces a stream of air through the 
fine aperture at the extremity of the tube e, as long as it 
continues to stand at a higher level than in c. In this 
way a continuous jet is readily obtained, with much less 
fatigue to the operator than with the mouth blowpipe. 

89. If the blowpipe flame be examined, it will be found 
to consist of two distinct parts, which may be called, for 



23 . 
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the sake of distinction, the inner a, and the outer flame h 
(fig. 24).* The blue point of the inner flame is evidently 



Pig. 24. Blowpipe Flame, 


surrounded on all sides by the burning gas, the oxygen of 
the air projected into the flame having been entirely con- 
sumed before this point of the flame is reached, so that 
most substances containing oxygen, ])laced in it, will be 
decomposed by the powerful deoxidizing action of the 
carbon and hydrogen of the combustible gases ; on this 



Fig. 25. 


account the inner flame is usually called the deoxidizing 
or reducing flame. The outer flame, on the contrary, is 

♦ Three parts will really be observed ; but the innermost dark portion is 
merely a hollow space ^ed with the comparatively cool mixture of com- 
bustible gas and air. 
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stuTonnded on all sides by the external air, so that here 
there is no excess of combustible or deoxidizing matter, 
but rather an excess of atmospheric oxygen ; hence an 
oxidized substance may be placed at its extremity without 
danger of deoxidation, unless such decomposition is effected 
by the mere heat of the flame, independent of its chemical 
action ; on the other hand, most substances having an 
attraction for oxygen, placed within its influence, become 
oxidized, and hence it is usually called the oxidizing 
flame. The hottest part of the blowpipe flame is a very 
little in advance of the point of the inner blue cone (re- 
ducing flame). 

90. The English flint glass, of which the tubes 
Q and rods commonly in use are made, contains in 
its composition a quantity of oxide of lead, which, 
when heated in contact with deoxidizing matter, 
is very easily decomposed. On this account it 
is necessary, in heating such glass with the 
blowpipe, to take care that it does not approach 
the deoxidizing flame, but is kept at the extre- 
mity of the oxidizing (outer) flame, otherwise a 
black stain of metallic lead will be deposited on 
the surface of the glass. Slight stains of this 
description may generally be removed by holding 
the glass for a few seconds in the oxidizing flame ; 
this converts the lead again into oxide, which 
dissolves in the glass. The German hard glass 


Fi^.26. 


Fig 27. 



Fig. 28. 


tubing, which is free from 
lead, and is much less fusi- 
ble than the English glass, 
is far preferable for making 
tubes, &c., which will be re- 
quired to withstand a higher 
temperature.* 


• To distinguish tubes containing lead from those which are free from it, 
hold them so as to look along their ares. The ring forming the circum- 
ference of the lead-glass is always dark, the other having a greenish tinge. 
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9L MaJce a few flass stirring-rods of lengths varying 
from five to eight ^nche8 (fig. 26). To do this, a piece of 
solid rod, long enough to make two stirrers, should be 
held at a short distance from the extremity of the flame, 
and gradually brought towards it ; a rotating motion 
being communicated to it by means of the finger and 
thumb, so that the part where the heat is applied may be 
uniformly heated all round (fig. 25). When the glass 
begins to soften it should be gently pulled with both 
hands, until it assumes the form represented in fig. 27, 
when it may be removed from the flame ; and having been 
scratched with a file across its narrowest part, may be 
gently broken asunder (fig. 28). 

92. The sharp edges are then held in the flame until 
they are rounded, so as to form a blunt conical termina- 
tion to the rod, a (fig. 26), whilst the other extremity %ay 
be simply fused till it is round and uniform, 5. 

93. Make a small si;phon tube. Take a piece of narrow 
tubing* ten or twelve inches long, and 
hold it diagonally in the upper part of 
the flaring flame of a gas or spirit lamp 
{not in the hlow'pipe flame), turning it 
constantly round, and by gently moving 
it up and down in the flame, heating two 
or three inches of the central part of the 
tube. When the glass begins to soften, 
apply a gentle pressure with both hands, 
so as to bend it slowly, and continue to 
do so until it has assumed the form 
shown in fig. 29. If the tube be too 
strongly heated, or the pressure too 
strongly and suddenly applied, the bend, 
instead of being round and uniform, will 
be abrupt and wrinkled, in which case it 
is very liable to crack, either sponta- 
neously, or when exposed to slight varia- 
tions of temperature. The extremities of the tube must 
now be rounded off by being heated to redness for a 
moment in the flame of the blowpipe. When the glass 
operated on is at all thick, or of an unequal form, some 
care is necessary in annealing or gradually cooling it : this 
may be effected by removing it slowly from the flame, and 

* About a fourth or a third of an inch in diameter. 

D 
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tHen laying it across a piece of tube, so that the hot part 
does not touch any cold substance, and covering it loosely 
with paper to prevent too rapid cooling by radiation. 

94. Make a droj^jping tube (fig. 30). Take a piece of 
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narrow tubing, about eight inches long, and moderately 
thick in the walls. Heat it at about two inches from one 
end in the lower part of an ordinary flame, so as not to 
smoke it, rotating it slowly that it may be uniformly 
heated. When it has softened sufficiently, draw it steadily 
out to a narrow neck as in fig. 31, taking care to keep it 


Fi^. 31. Dropping Tube in process of manufacture, 

perfectly straight. When cool, scratch the narrow neck 
with a file, and break it off. Round the sharp edges of 
the fracture by exposing them for an instant to the ex- 
treme point of the blowpipe flame, and fuse the edges of 
the wider orifice at the other end, so that it may be closed 
air-tight with the finger. 

95. Seal a small tube at one end (fig. 32). Take about 
six inches of narrow tubing, 
soften it in the outer blowpipe 
flame, at about two inches from 
one end, and draw it out quickly 
Direct the extreme point of a 


Fi^. 33, Sealed Tube in course of manufacture, 

sharp flame to a, and draw it off* so as to leave the end 
neatly rounded. Anneal it by withdrawing it slowly from 
the flame. 

96. Make a few test-tubes. A piece of tube may be taken 
about half or five-eighths of an inch in diameter, and eight 
or ten inches long, which will serve for two test-tubes. 

In cutting off a piece of wide thin tubing, such as is 
employed for test-tubes, it is advisable to carry the file- 


- „.0 

Fi^. 32. 

to a long thread (fig. 33). 
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mark round the tube, which is then to be held in a cloth 
and broken by a combined pulling and breaking move- 
ment of the hands. If the end of the broken tube ex- 
hibit a crack, this must be led round the tube by apply- 
ing a red-hot iron point (the end of a file heated by the 
blowpipe flame will do) a little in advance of it. A glazier’s 
diamond is very useful for cutting thin tubes. 

The central portion must be heated in the manner de- 
scribed for heating glass rod (91), and gradually drawn 
out, the tube being constantly turned round, when it will 
assume the form shown in fig. 34. The heat should now 


Fi6. 34. 


Fig. 35. 

Making Test-Tukes. 

be applied to the part of the tube marked a, and the other 
piece gradually drawn out, care being taken not to fuse 
the thin thread of glass, which is formed, and w^hich con- 
nects the two parts of the tube (fig. 35), until the base of 
the tube has become round and uniform ; when this is the 
case, and the connecting thread has become very thin, 
the heat may be apjihed to the point where it joins the 
tube, when it will instantly fuse and separate, leaving the 
tube in an almost finished state. There will generally be 
found at the bottom of the tube, however, a small lump, 
more or less distinct, formed by a j^ortion of the thread 
having fused into it ; to remove this, again heat the round 
end red-hot for a short time, until the lump disappears. 
On removing the tube from the flame, blow air gently 
into it, for the purpose of swelling out the bottom 
to its previous round form (fig. 3G), as it usually 
collapses and flattens while in a state of fusion. 

The other portion of the tube may now be 
finished in a similar way, by applying the heat to 
the point h, and drawing off the irregular termi- 
nation until the thread of glass is sufficiently at- 
tenuated to be removed. 

When it is required to make a test-tube of a piece of 
tubing only long enough for one, all that is necessary is to 

I) 2 
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melt on to one end another piece of waste tubing or rod, 
to serve as a handle, after which the end may be drawn 
off, as in the former case. 

To complete the tube, the open end must be 
spread out a little, as shown in fig. 37, so as to form 
a kind of border. This is done by softening the 
end in the blowpipe flame, and then, by means of 
a thick iron wire, or the smooth end of a file, in- 
troduced and carried round the opening, the edge 
is uniformly pressed outwards. 

97. Blow some small hulhs. Take a piece of 
narrow glass tube, sealed at the end as described 
in (95) ; heat the end for about half an inch as 
strongly and uniformly as possible; and then, 
having removed it from the flame, hold it hori- 
zontally and blow air into it until the pressure 
forces the softened glass to expand, which it will 
do in the form of a round bulb (fig. 38) if the heat 
has been properly applied, and the tube be kept 
constantly turned round while in the hand. This 
latter precaution is absolutely necessary, as the 
softened glass would otherwise bend with its own 
weight in one direction, thus destroying the proper 

* form of the tube.* 

98. Malce a funnel tnhe. Blow a bulb of consi- 
^ derable size on the extremity of a piece of strong 

tube about a quarter of an inch in diameter. Heat 
a spot upon the bulb immediately opposite to the 
point at which the tube enters it, and blow sud- 
denly into it until it bursts ; break away the super- 
fluous thin glass with the fingers, and finish off 
the border with the blowpipe flame and the heated 
end of a file. 

99. Cement together two tubes of cgual diameter. 
The ends to be joined must be cut perfectly level ; 
the edges are brought exactly together, the tubes 
being kept in the same straight line, and the 
glass is gradually softened by rotating the tube 

Funnei outer flame ; a gentle pressure may 

Tube, be applied to perfect the joint, and a little care in 

♦ In order to blow a large bulb upon a thin tube, the glass must be 
allowed to thicken at the sealed end by keeping it for some time in the 

flame. 
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moulding it will soon render it perfectly uniform; it 
should be well annealed by withdrawing it slowly from 
the flame. When the glass is thin, the edges which are 


to be united may be spread out 
a little, as shown in ng. 40, by 
means of a wire or file, when the 
joint will be stronger than it 
would otherwise be. 



Fi^. 40. Tubes united. 


100. Cement together two tubes of unequal diameter. 
When it is required to join a narrow tube to a wider one, 
it is necessary to draw out the latter in the blowpipe flame 
until a portion of it is contracted to the diameter of the 
former ; then with a file it is divided at that point of equal 
diameter, and cemented to the smaller tube in the same 
way as in the previous case. Sometimes, when the glass 
is thin, it is advisable to ^ 


widen the extremity of the 
smaller tube, so as to overlap 
the other (fig. 41), which is 
readily done by means of an 
iron wire. 



Fi^. 41. Tubes united. 


In this operation, it is always advisable to maintain the 
junction in the flame for some little time, to allow of the 
complete amalgamation of the two portions of glass ; and 
as the tendency to collapse is greater 


the longer it is fused, it will generally 
be found necessary to blow it out 
slightly. 

101. Prepare tubes for a ivashing 
bottle. The tubes required for this 
purpose are of the form shown in 
fig. 42, the upper end of the longer 
one being drawn out so as to leave 
only a small aperture (94). 

When the bottle is prepared and 
filled with water, a small stream of 
water may be forced through this 
tube by blowing air down the shorter 42 . Washing 
one : it is of great service in washing Bottle, 

precipitates on a filter. 

102. Prepare tubes for a sulphuretted hydrogen {hyd/ro- 
sulphuric acid) apparatus. The form of apparatus used 
for generating hydrosulphurio acid, and passing it into 
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water or saline solutions, is represented in fig. 43. The 
tubes, d and /, are bent in the naked fiame (93), the ex- 
tremities being afterwards 
slightly fused with the blow- 
pipe in order to round off 
the sharp edges. The 
straight tube q, is connected 
with the bent tube /, by a 
tube of vulcanized india- 
rubber. 

103. Seal a feiv tubes her- 
metically at both ends. This 
is an operation of very fre- 
quent use in the laboratory, 
as it furnishes the most con- 
venient and efficient means 

Fi^.43. Sulphuretted hy. preserving small sped- 

dro^en Apparatus. mens of many rare sub- 

stances, especially such as 
are volatile ; and is often required in effecting chemical 
changes at elevated temperatures and pressures. 

The tube is first sealed at one end, precisely 
as if it were intended for a test-tube (96) : the 
I J liquid or other substances for which it is de- 

|f signed is tlien introduced, as soon as the tube 

^1 is quite cold, care being taken that the upper 

/A part of the tube is not wetted or soiled. The 

flame of the blowpipe is now directed to the 
^ portion of the tube a little above that intended 

^ for the sealed end, and when sufficiently soft 

P it is drawn out to a capillary tube, and allowed 

^ to cool ; it may afterwards be sealed by fusing 

44. the lower part of the capillary tube a (fig. 44), 

by momentary contact with the flame.* 

In this way seal a little sulphur in a tube without melt- 
ing or volatilizing any of it, the sulphur being within an 
inch and a half of the upper end. 

104. Seal some water hermetically in a tube. Having 
sealed the tube at one end, and drawn it partly out at the 
other, leaving a rather wide neck, while it is cooling make 

* When the tube is required to witlistand hig-h pressures, the sealing of 
both ends must be effeeted very slowly, so that the glass may remain as 
thick there as at any other part of the tube. 
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a dropping tube as in (94), and introduce a little water 
into the sealed tube without wetting its sides. 

Then draw out the capillary neck, and when cold, seal 
it as before, leaving not more than the space of an inch 
between the upper end and the surface of the water.* 


CHAPTER V. 

EXPERIMENTS WITH THE MOUTH BLOWPIPE. 

105. Before proceeding to any blowpipe experiments, it 
is necessary to acquire the power of keeping up a constant 
and unintermitting blast of air from the mouth, as without 
this it is impossible to raise the heat to a sufficient degree 
of intensity. The habit is readily acquired, a^ when 
once attained, the mouth and lungs will be found to do 
their work almost mechanically, without any sustained 
effort on the part of the operator. 

The learner may first olDserve that on closing the lips 
he can still without any difficulty breathe through the 
nostrils : let him now distend the cheeks with air, and he 
will find that he can breathe through the nostrils for a 
length of time, still keeping the cheeks distended. He 
may next introduce the mouth-piece of the blowpipe be- 
tween his lips, and having puffed out his cheeks with air, 
let him breathe freely through the nostrils, at the same 
time allowing the distended cheeks to force a current of 
air through the blowpipe. The cheeks thus play the 
part of an elastic bag, which, if connected with the blow- 
pipe, and distended with air, would force air through it 
as long as the tension of its stretched sides exerted suffi- 
cient pressure. 

106. Seal a few tubes (fig. 32) at one end, for use in 
some of the following experiments. The tubing employed 
for this purpose should be about a quarter of an inch in 
diameter, and it may be scratched with a file, and broken 
into pieces about four inches long, each of which will 
serve for two tubes. The glass of which it is made should 
not contain lead. The sealing should be effected in the 

* When volatile liquids are sealed in tubes, the whole of that portion of 
the tube which contains the liquid may be surrounded with one or two folds 
of wet tilter paper. 
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manner already described (95). Tbe position of the ope- 
rator is shown in fig. 46. It is not necessary to be par- 
ticular about rounding off 
the ends of these tubes, but 
they should be carefully an- 
nealed by withdrawing them 
^ gradually from the flame. 

In using one of these tubes 
for an experiment, it should 
% heated in the com- 

mon flame ;t the blowpipe 
flame being afterwards ap- 
plied, if the former does not 
give enough heat ; the tube 
frequently cracks if the 
blowpipe flame be suddenly 

These tubes may be most 
45 ^ conveniently held by a nar- 

row strap of folded paper 


passed round the upper part. 

The following tests are arranged in alphabetical order, 

for convenient reference. 

FiS.M. E..ti.6wltbBl«pip. ““P?"”'! co«t»i>V>ig 

on Charcoal. i t . 

when placed in a shallow 

cavity sco(med in a piece of charcoal, and heated in the 
blowpipe flame (fig. 46), will give a white infusible mass 
of alumina. On moistening this with a drop or two of 
solution of nitrate of cobalt, and again strongly heating 

t If a gas flame be employed, the tube must be held in the lower blue por- 
tion, BO as not to be smoked. 

^ The asterisk (*) prefixed to a test designates it as a good example to be 
selected bv the stuaent who intends only to acquaint himself with the general 
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it, a fine blue mass is obtained, which is a compound of 
alumina with oxide of cobalt. f 

A fragment of the bowl of a tobacco-pipe may be used 
instead of charcoal in this experiment. 

*108. Ammonia. (Test some chloride of ammonium,) 
Many compounds of ammonium or ammonia, when 
heated, in small quantity, in a tube sealed at one end 
(106), will be entirely converted into vapour and deposited 
again as a white coating upon the cooler portion of the 
tube. (The compound is then said to sublime unchanged.) 

109. (Test some chloride of ammonium.) All com- 
pounds of ammonium or ammo- 
nia, when mixed with about an 
equal bulk of carbonate of soda, 
and heated in a tube sealed at one 
end (106), will yield vapour of car- 
bonate of ammonia which can be 
recognised by its odour. The 
mouth of the tube should be slight- 
ly inclined downwards (fig. 47) to 
permit the escape of water, which 
would otherwise run back and 
split the tube. 

11 0. Antimony. (Test some 
sulphide of antimony.) Compounds containing antimony, 
when placed in a shallow cavity on charcoal, covered with 
a little carbonate of soda, and heated before the blowpipe 
so that the point of the (inner) reducing flame may 
touch the specimen, whilst the (outer) oxidizing flame 
sweeps over the charcoal beyond (fig. 46), will yield 
globules of metallic antimony which will gradually pass 
off in vapour if retained too long in the flame. The 
surface of the charcoal around the oxidizing flame becomes 
coated with a white incrustation of oxide of antimony. 
If one of the globules be removed with the point of a knim, 
placed upon a hard surface, and pressed with the knife- 
blade, it will be found to possess the brittleness charac- 
teristic of metallic antimony. 

t This is not a perfectly conclusive test for alumina, since some phosphates 
and other substances exhibit a similar behaviour. 

In blowpipe tests with nitrate of cobalt, care must be taken to employ a 
very high temperature. A moderate heat produces the blue anhydrous 
nitrate of cobalt, which a higher temperature converts into black oxide of 
cobalt, and this requires an intense heat to make it combine with alumina, &c. 



FiA.47. Small Tube 
heated in flame. 
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L Arsenic, ^omQ arsenious acid,) On heat- 
ing a minute quantity of arsenious acid in a small tube 

sealed at one end, it will be en- 
tirely converted into vapour, 
and if the upper part of the 
tube be warmed by drawing 
it once or twice through the 
flame before heating the ar- 
senious acid, the latter will 
condense slowly upon the 
glass, forming a sublimate of 
minute shining crystals, which 
appear as octahedra (fig. 48) 
when magnified. 

*112. (Test some arsenious 
48. Arsenious Acid. add.) Any compound con- 
taining arsenic, when heated 
on- charcoal before the blowpipe (fig. 46), will evolve an 
odour of garlic. 

*113. (Test some arsenious acid.) Any compound con- 
taining arsenic will yield a sublimate of metallic arsenic 
when heated in a tube with carbonate of soda and charcoal. 

Dry a little powdered carbonate of soda (upon a strip of 
tin plate or a piece of thin glass) at a moderate heat, and 
mix it with about one-third of charcoal powder (scraped 
from a piece of charcoal). Add to the mixture a very 
minute quantity of the compound to be tested, introduce 
it into a small tube sealed at one end, 
cleanse the upper part of the tube with a 
roll of paper (or a lucifer-match stick), 
shake the mixture a little to one side of 
the tube (fig. 49) to allow the passage of 
the vapour, and apply heat, first with the 
lower part of the ordinary flame, and 
finally with the blowpipe, holding the 
mouth of the tube a little downwards (fig. 
47). A shining black or grey cnist of 
metallic arsenic will be formed upon the 
FiA. 49. Crust upper part of the tube (fig. 49) at a. An 

of Arsenic. odour of garlic will probably be perceived 
at the orifice. 

Cut off, with a file, the portion of the tube upon which 
the deposit has formed, wrap it in a piece of paper, break 
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it into small fragments, and heat these gently in another 
small tube, the upper part of which has been first warmed. 
The oxygen of the air in the tube will convert the arsenic 
into arsenious acid, condensing in brilliant octahedra on 
the upper part. 

*114. Barium. (Test some harium chloride.)^ Any 
compound containing barium or baryta, well moistened 
with hydrochloric acid, and intensely heated on platinum 
wire at the point of the (inner) reducing flame, will impart 
a bright green colour to the outer flame.f 

115. For this purpose, take a piece of thin platinum 
wire which has been fused into a glass handle (fig. 50). 



Fig. 50. Straight -wire in glass handle. 

Moisten the extremity of the wire with hydrochloric acid, 
and heat it at the x3oint of the (inner) reducing flame till 
it no longer tinges the outer flame. Again moisten it with 
hydrochloric acid, take upon it a minute quantity of the 
substance to be tested, and exj^ose it to the point of the 
inner flame. J 

The flame of a Bunsen burner (fig. 85) may be employed 
instead of a blowx>ipe flame. 

The presence of sodium interferes with this test, on 
account of its intense yellow flame. 

116. Bismuth. (Test mme oxide of bismuth.) Com- 
pounds containing bismuth, when placed in a shallow 
cavity on charcoal, covered with carbonate of soda and 
exposed to the (inner) reducing blowpipe flame (fig. 46), 
furnish globules of metallic bismuth, whilst that part of 
the charcoal which has been traversed by the oxidizing 
flame becomes covered with a yellow incrustation of oxide 
of bismuth. If one of the globules, after cooling, be 
placed upon a hard surface and pressed with a knife-" 
blade, it will first flatten and then break uj) into small 
fragments. 

t Copper also gives a green flame, but of a different tint : so does boraeic 
acid. The greenish tint imparted by zinc is sometimes mistaken for barium. 

t Hydrochloric acid is used because the chlorides of the metals are easily 
vaporized at high temperatures. The vapour is reduced to the metallic 
state by the heated hydrogen of the flame, and then burns in the outer flame 
with its characteristic colour. 
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A compound of bismuth heated with a mixture of equal parts of potassium 
iodide and sulphur, on charcoal, yields a red incrustation of bismuth iodide. 
(Yon Kobcll.) Cuprous iodide answers better than potassium iodide. 
(Hutching‘8.) 

For this and many other tests depending upon the production of an in- 
crustation, a piece of ahiminium plate, as originally recommended by Ross, 
may be substituted for charcoal with great advantage. 

117. Boraolo acid. (Test some horacic acid.) When 
boracic acid, or a borate, is mixed with some floor spar 
and bisulphate of potash, and heated upon a loop of 
platinum wire (flg. 51) at the point of the inner flame. 



Fig.^l. 

fluoride of boron will be formed and will impart a green 
colour to the outer flame. 

Borax does not respond well to this test on account of 
the yellow flame produced by the sodium ; but it may be 
recognised by its intumescence, or swelling up, when heated 
on a loop of platinum wire, and by its fusing to a glass 
which remains perfectly transparent on cooling.f 

118. Calcium. (Test some marble, carbonate of lime.) 
Any compound containing calcium or lime, when mois- 
tened with hydrochloric acid and heated upon a piece of 
platinum wire (fig. 50) at the point of the inner flame, will 
impart a red colour to the outer flame. After the specimen 
has ceased to colour the flame, it will regain the property 
when moistened with hydrochloric acid. The presence of 
sodium interferes with this test (115). 

119. Carbon. (Test a small fragment of wood.) Many 
compounds containing carbon {organic matters), when 
heated in a small tube sealed at one end (fig. 47), become 
charred or blackened from the separation of carbon, and 
at the same time evolve vapours which are frequently 
inflammable and possess peculiar odours from which the 
'nature of the substance can be inferred. 

Carbon in the free state (charcoal, for example,) may be 
identified by its burning away with a steady glow when 
heated on a piece of iron or platinum plate, the blowpipe 
flame being directed upon the under surface of the plate. 

t If a platinum wire be moistened with glycerine, and a powdered borate 
taken upon it, a distinct green tinge will be imparted to the flame, when the 
glycerine is kindled. Even borax exhibits this reaction. 



EXPEEIMENT8 WITH THE MOUTH BLOWPIPE. 45 


120. Carbonic acid. (Test some carbonate of soda.) 
Carbonates, mixed with bisulphate of potash, and gently 
heated in a small tube sealed at one end, give rise to a 
violent effervescence caused by the escape of carbonic acid 
gas. 

A carbonate may also be known by its effervescing when 
moistened with hydrochloric acid. 

121. Chloric acid. (Test some chlorate of potash.) 
A chlorate, when heated on charcoal (fig. 46) causes defla- 
gration, due to the rapid combustion of the charcoal in the 
oxygen furnished by the chlorate. 

122. A chlorate, heated in a small tube sealed at one 
end (fig. 47), will evolve oxygen, recognised by its power 
of kindling into flame a spark upon the end of a match. 

123. When a chlorate is mixed with bisulj^ate of 
potash, and heated in a tube sealed at one end ^g. 47), 
it evolves chlorine, which may be known by its odour and 
its bleaching test-papers. 

124. Chlorine. {Test mme chloride of sodiu7n.) Chlo- 
rides, mixed with bisulphate of potash, and heated in a 
small tube sealed at one end (fig. 47), give off* pungent 
vapours of hydrochloric acid, which fume strongly in damp 
air, and redden blue litmus paper. If a little nitre be 
added, chlorine is evolved which bleaches the test-paper. 

*125. Chromium. (Test some chromate of potash.) 
Compounds containing chromium, when fused with borax- 
glass in the (outer) oxidizing flame, give a yellowish-green 
transparent glass, which becomes of a pure emerald green 
colour in the (inner) reducing flame. 

126. To apply this test, take a thin platinum wire 
sealed into a glass handle, and bend the end into a small 
loop, not larger than the transverse section of the blowpipe 
flame (flg. 51). Heat the loop to redness, and dip it into 
powdered borax ; heat the borax in the blowpipe flame till 
it fuses into a perfectly colourless glass ; whilst this is 
red-hot, touch a very minute particle of the compound to 
be tested with it, and heat the glass, with the adhering 
particle, in the oxidizing flame. Having observed its 
colour when cold, repeat the experiment in the reducing 
flame (see 284). 

127. Cobalt. (Test some nitrate of cobalt.) A compound 
containing cobalt, when fused with a bead of borax (126) 
on platinum wire, gives a beautiful blue glass in both 
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flames. It is sufficient to moisten the bead with the solu- 
tion containing cobalt, and if this be weak, the moistening 
may be repeated. 

128. Copper. (Test some sulphate of copper.) Copper 
compounds, when fused with carbonate of soda in a cavity 
on charcoal, in the (inner) reducing blowpipe flame 
(fig. 46), yield a red mass of metallic copper which may 
be fused (if not too large) into a globule, in the focus (or 
extreme point) of the inner flame. Wlien the globule is 
pressed with a knife-blade upon a hard surface, the mal- 
leability and red colour of the copper will be recognised.f 
There is no incrustation of oxide of copper upon the char- 
coal, but a film of grey ash, such as is always left when 
charcoal is burnt. 

129. When a minute quantity of a compound of copper 
is taken up on a hot bead of borax-glass (126) and fused 
in the outer flame, it yields a glass which is green while 
hot, and becomes blue on cooling. When the bead is 
heated in a very powerful reducing flame, it becomes 
colourless, the copper being reduced to the metallic state, 
and fused on to the wire ; but in a feebler flame, the bead 
acquires an opaque brown-red colour, from the presence 
of suboxide of copper and diffused metallic copper. 

130. If a compound of cojiper moistened with hydro- 
chloric acid be exposed, on the 23oint of a platinum wire 
(fig. 50) to the reducing flame, it will impart a bluish- 
green colour to the oxidizing flame. 

131. Fluorine. (Test some fluor spar, fluoride of 
calcium.) When a fluoride is mixed with bisulphate of 
potash and heated in a tube sealed at one end (fig. 47), it 
evolves very pungent vapours of hydrofluoric acid, which 
fume strongly in damp air, and corrode the glass, 
giving a dim and greasy appearance to the sides of the 
tube.J 

132. Xodlne. (Test some iodide of lead,) An iodide, 
when mixed with bisuljDhate of potash, and heated in 
a small tube sealed at one end (fig. 47), evolves violet 

t When sulphide of copper is tested in this manner, it is advisable to 
roaf(t it in the oxidizing- flame as long as sulphurous acid is evolved, before 
adding the carbonate of soda. If this be omitted, the reduced globule is 
likely to be brittle, from the presence of sulphur. 

t Fluoride of calcium (fluor-spar) may be identified by mixing it with an 
eoual volume of sulphate of lime, and heating on a loop of platinum wire, 
when it fuses easily to a clear glass which becomes opaque on cooling. 
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vapours of iodine, having a peculiar odour, and condensing 
in black scales on the cooler part of the tube. 

133. Xron. (Test some sulphate of iron.) When a 
compound of iron is fused, in minute quantity, with a 
bead of borax (126), it colours the glass brownish-yellow 
in the outer flame, the colour fading rapidly as the bead 
cools, and becoming bottle-green in the inner flame. 

*134. X«ead. (Test some red oxide of lead.) Compounds 
of lead, fused with carbonate of soda, in a shallow cavity 
scooped near to one end of a flat surface of charcoal 
(fig. 46), yield, in the reducing flame, globules of metallic 
lead, whilst the surface of the charcoal around the oxidizing 
flame becomes covered with a yellow incrustation of oxide 
of lead. If the globules be removed with the point of a 
knife, and pressed with a knife-blade upon a hard surface, 
they will be known to be lead by the ease with which they 
may be flattened out and cut, and by their making a dark 
streak upon j^aper. 

135. JCiiine. See Calcium (118). 

136. Magrxiesium. (Test some sulplmte of mar/nesia.) 
When compounds of magnesium are heated on charcoal 
at the point of the inner flame, they generall}^ give a white 
infusible mass, which assumes a delicate pink colour when 
moistened with nitrate of cobalt and again intensely 
heated, a compound of magnesia with oxide of cobalt 
being formed (see note to 107). 

*137. Blangranese. (Test some hinoxide of manga- 
nese.) If a very minute particle of a compound of man- 
ganese be taken up on a hot bead of borax (126), and fused 
in the (outer) oxidizing flame, it gives an amethyst purple 
or violet colour to the glass, which fades and Anally dis- 
appears altogether in the inner flame. 

138. When fused with carbonate of soda, on platinum 
wire, in the outer flame, compounds of manganese give an 
opaque mass (inanganate of soda) which is green while 
hot and becomes blue on cooling. In the inner flame, the 
colour disappears. 

139. To make a bead of carbonate of soda, the loop of 
wire (fig. 51) should be moistened in the mouth and dipped 
into the powdered carbonate ; if the fused mass does not 
fill the loop, let it cool, moisten it and dip again. 

*140. Mercury. (Test some calomel.) When a very 
minute quantity of a compound containing mercury is 
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mixed witli dry carbonate of soda (113), and heated in a 
small tube sealed at one end (fig. 47), the open end being 
slightly inclined downwards, a grey deposit of minute 
globules of mercury will be formed upon the cool part of 
the tube. By rubbing the crust with a slender glass rodf 
or a match, the globules will be made more evident. 

The upper part of the tube should be thoroughly 
cleansed with a roll of paper or a match after introducing 
the mixture. 

*141. Corrosive suhlimate (mercuric chloride) is easily 
distinguished from calomel (mercurous chloride) by the 
action of a gentle heat upon them in small tubes sealed 
at one end (fig. 47). Corrosive sublimate fuses before 
subliming, and crystallizes in needles on cooling, which 
are often seen pro]ecting from the sides on looking down 
the tube. Calomel sublimes without fusing, and seldom 
appears crystalline. 

142. Nickel. (Test some 8nlj>liate of nickel.) Com- 
pounds of nickel, fused, in minute quantity, with a bead 
of borax (126) in the outer flame, furnish a brownish- 
yellow glass, which becomes dusky and grey in the inner 
flame. If the hot bead be made to take up a very small 
particle of nitrate of potash, and again exposed to the 
outer flame, it acquires a purple colour. 

*143. Nitric acid. (Test some o/po^as7^.) If 

a nitrate be placed in a cavity on charcoal, and heated 
with the blowpipe flame, deflagration will be caused by 
the combustion of the charcoal in the oxygen furnished 
by the nitrate. 

144. Nitrates, mixed with about an equal quantity of 
bisulphate of potash, and heated in a small tube sealed at 
one end (fig. 47), give off red-brown vapours of nitric 
peroxide which have a characteristic odour. 

145. Nltrogren. (Test some isinglass or gelatine.) 
Organic substances containing nitrogen, when heated in a 
small tube sealed at one end (fig. 47) evolve ofiensive 
vapours which are usually alkaline to test-papers, from 
the presence of ammonia. 

146. Orgranlc matter. {See 119, 145.) 

147. Oxygren. (See 122.) 

148. PkoBpliorlc acid. (Test some phosphate of 


t Easily made by drawing out a piece of glass rod in the blowpipe flame. 
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lime.f Mix the compound to be tested for phosphoric 
acid with two or three parts of dried boracic acid, and fuse 
it in a cavity scooped on charcoal (fig. 46). Whilst the 
mass is still hot, thrust into it about half an inch of very 
thin iron wire (of which twelve inches weigh one grain), 
and heat it for two or three minutes in a powerful reducing 
flame. If phosphoric acid be present, a hard silvery brittle 
metallic globule of iron containing phosphorus will be 
formed, which may be extracted from the fused mass by 
wrapping it in stout paper and striking it with a hammer 
upon an anvil. 

148a. If phosphate of lime be moistened with strong 
sulphuric acid, and heated on platinum wire at the point 
of the inner blowpipe flame, a part of the phosphoric acid 
is reduced, and the vapour of phosphorus burns with a 
peculiar livid greenish colour in the outer flame. 

149. Potassium. (Test some nitrate of potash.) 
Compounds containing potassium, when moistened with 
hydrochloric acid, and heated on the point of a platinum 
wire (fig. 50) in the reducing flame, impart a transient 
violet colour to the oxidizing flame. If sodium be pre- 
sent, the yellow colour of its flame will obscure the violet 
tinge. J. 

150. Silicic acid. (Test some white sand.) Make 
a bead of carbonate of soda in a loop of platinum wire 
(139), and observe that it becomes opaque on cooling. 
Heat it again to redness, dip it into the compound to be 
tested, and heat it again. Silicic acid will dissolve with 
efiervescence, from expulsion of carbonic acid. By re- 
peated fusion with successive additions of silicic acid the 
bead will be made transparent on cooling.§ 

151. Make a bead of microcosmic salt in the loop of pla- 
tinum wire. The salt is a phosphate of soda, ammonia, 
and water ; when heated, it loses the two last, and is con- 
verted into a transparent glass of metaphosphate of soda.|| 

t This experiment requires a very steady and powerful application of the 
blowpipe flame, and forms a good criterion of the skill of the operator. 
Borax may be substituted for boradc acid, but is far less convenient because 
of its intumescence. 

X By observing tlie flame through a piece of cobalt-blue glass, the yellow 
sodium flame may be cut off, and the potassium flame then becomes visible. 

§ If a sulphate (or sulphur in any form) be present, the bead will have a 
brown colour, especially when hot, in the reducing flame, from the formation 
of sulphide of sodium. 

11 NaNH 4 HP 04 =NaP 0 ,+NH,+Hj| 0 . 


E 
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Take a little silica upon tlie hot head, and observe that 
it floats about undissolved in the fused glass, and may be 
seen as an opaque mass when the bead cools. 

152. Silver. (Test some chloride of silver.) Any 
compound containing silver, fused in a cavity on charcoal 
with carbonate of soda (fig. 46), will yield a white mass of 
metallic silver, which fuses into a brilliant globule in the 
focus of the flame, and does not tarnish in the outer flame. 
When pressed with a knife upon a hard surface, the glo- 
bule will flatten out, but requires considerable pressure. 
There will be no incrustation of oxide of silver upon the 
charcoal, but the usual film of ash will be seen, and per- 
haps a little white deposit of chloride of sodium. 

153. Extraction of silver from lead hy cupellation. Scoop 
out a large shallow cavity in apiece of charcoal a (fig. 52) 

and fill it with powdered bone -ash 
(phosphate oflime) rammed very tightly 
a. down (h); place a small fragment of 
argentiferous lead upon it, and expose 
it for two or three minutes to the ex- 
treme point of a steady oxidizing flame, 
taking care to hold the charcoal quite horizontal, or the 
globule of lead will run off. Observe that the oxide of 
lead, as it is formed, fuses and is absorbed by the porous 
phosphate of lime, leaving a very small bead of silver 
which no longer tarnishes or diminishes in the outer 
flame, even though placed upon a fresh bed of bone-ash. 

*154. Sodium. (Test some carbonate of soda.) Com- 
pounds containing sodium, even in very minute propor- 
tion, when heated on platinum wire in the inner blowpipe 
flame, impart a fine golden yellow colour to the outer 
flame. A clean platinum wire drawn through the fingers 
acquires enough chloride of sodium from the skin to tinge 
the flame yellow.f 

*155. Strontium. (Test some nitrate of strontia.) 
Any compound containing strontium, when moistened 
witn hydrochloric acid, and exposed on the point of a pla- 
tinum wire (fig. 50) to the inner flame, imparts a carmine 
red colour to the outer flame. Careful comparison is 

t Most substances contain enongrh sodium to impart a yellow tingre to the 
outer blowpipe flame, so that the existence of sodium as an essential consti- 
tuent of a substance under examination, can be interred only when the 
g’olden flame is very decided and lasting, and when there is some corrobora- 
tive evidence from other sources. 


6 
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required to prevent calcium from being mistaken for stron- 
tium by this test (118). 

156. Sulphur. (Test some flowers of sulphur.) Free 
sulphur may be recognised by heating it gently in a 
small tube sealed at one end (fig. 47), when it easily fuses 
to a yellow liquid, becoming brown as the heat is in- 
creased, and yielding a brown vapour, condensing in brown 
and yellow drops upon the cool part of the tube. If mois- 
ture be present in the sulphur, a smell of sulphuretted 
hydrogen will be perceived at the mouth of the tube. 

157. When sulphur is heated on a platinum or iron 
plate, it burns with a blue flame, evolving the odour of 
sulphurous acid. 

The sulphur in many metallic sulphides may be recog- 
nised by this test, especially if it be applied in a small tube, 
about four inches long, open at both ends, and slightly bent 
in the middle to i:)revent the substance from slipping out. 

158. (Test some sulphate of baryta.) Any compound 
containing sulphur, mixed with carbonate of soda and 
charcoal powder, and exposed to the reducing flame in a 
cavity scooped on charcoal (fig. 46) will yield a mass con- 
taining sulphide of sodium. If this be placed upon a clean 
silver coin, and moistened with a drop of hydrochloric acid, 
it will evolve the odour of sulphuretted hydrogen, and 
leave a black stain of sulphide of silver upon the coin. 

In this experiment the sulphate of baryta is decomposed 
by the carbonate of soda, yielding carbonate of baryta and 
sulphate of soda. This is deoxidized by the charcoal, 
aided by the reducing flame, and becomes sulphide of 
sodium, which the hydrochloric acid converts into chloride 
of sodium and sulphuretted hydvogen.f 

159. Sulphuric acid. (;SVc 158.) 

160. (Test some sidphate of iron.) Many sulphates, 
heated in a small tube sealed at one end (fig. 47) evolve a 
mixture of sulphurous and sulphuric acid, the former 
being recognised by its odour, and the latter by its dense 
white fumes. Blue litmus paper is ve^y strongly reddened 
by the vapours. 

161. Tin. (Test some hinoxide of tin.) Compounds 
containing tin, fused in a cavity on the charcoal (fig. 46) 
in the reducing flame, with successive additions of car- 

t When a coal-gus flame is used for this experiment, sulphur is often derived 
from the gas, A spirit-lamp flame avoids'error from this source* 

£ 2 
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bonate of soda, will eventually yield globules of metallic 
tin, the brilliancy of which is obscured on withdrawing 
them from the flame, by the formation of a film of oxide. 
When a globule of tin is pressed under a knife-blade on a 
hard surface, it flattens out more easily than silver. There is 
no marked incrustation on the charcoal in this experiment. 

162. Coarsely powdered cyanide of potassium may, 
with great advantage, be substituted for carbonate of soda 
in the preceding experiment. 

163. Zinc. (Test some sulphate of zinc,.) Compounds 
containing zinc, heated on charcoal before the blowpipe, 
generally yield an infusible mass which is yellow while 
not, and becomes white on cooling. By moistening the 
mass with nitrate of cobalt and again intensely heating, a 
bright green compound of the oxides of zinc and cobalt is 
produced. (/See note to 107.) 

164. When a compound of zinc is fused on charcoal 
with carbonate of soda in the reducing flame (fig. 46) the 
metal is vaporized as fast as it is reduced, and gives an 
incrustation of oxide, which is yellow while hot and white 
on cooling. 

The blowpipe tests for zinc are much more distinct 
when a fragment of the bowl of a tobacco-pipe is used as 
a support instead of the charcoal. 


SYSTEMATIC EXAMINATION OF UNKNOWN 
SUBSTANCES WITH THE BLOWPIPE.f 

165. Heat a little of the substance in a cavity on char- 
coal (fig. 46). 

Deflagrration indicates a nitrate or chlorate (122, 
123, 144). 

Odour of sulphurous acid indicates sulphur (a 
sulphide f or a sulphate (156, 157, 158, 160). 

Odour of g'arlio indicates arsenic (111, 113). 

White incandescent :J: mass. Moisten with 
nitrate of cobalt, and heat again, to detect zinc (green), 
aluminium (blue), or magnesium (pink). (See 107, note.) 

t A list of substances which may be examined as exercises in this syste- 
matic course will be found in the Appendix. 

X Incandescent, evolving a brilliant white light when heated in the blow- 
pi^ flame. • 
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166. Fuse the substance with carbonate of soda on 
charcoalf (fig. 46). 


Metallic bead. 

Antimony » Very brittle. 
Bismuth. Brittle. 

Copper, Bed, malleable. 
Lead, Malleable. 

Silver, Malleable. 

Tin, Malleable. 

Zinc. 


Tticrustation. 

White. 

Yellow. 

Yellow, 


Yellow while hot. 
White when cold. 


167. Test for sulphur in the fused mass from the pre- 
ceding experiment, as in (158). 

^ 168. Take the substance, in very minute successive por- 
tions, upon a red-hot bead of borax-glass, and fuse in the 
outer and inner blowpipe fiames (126). 


Outer flame. 


Inner flame. 


Chromium, Yellow-inreenlsh glass. Emerald-green glass. 


Cohalt, Blue 

Copper, Slue 

Iron. Brownish-yellow 

Manganese, Purple or Pink 
Nickel. Brownish-yellow 


Slue 

Brown or Colourless 
Bottle-green „ 

Colourless „ 

Busky-greyt „ 


169. Moisten the substance with hydrochloric acid, and 
expose, on the end of a platinum wire (fig. 50) to the re- 
ducing flame.§ Again moisten with hydrochloric acid, 
and heat a second time, to be quite sure of the result. 


Barium Green flame (114). 

Calcium {lime) Red flame. 

Copper Bluish-green flame. 

BotoHsium Violet flame (149). 

Sodium Yellow flame. || 

Strontium Carmine flame. 


170. Heat the substance in a small tube sealed at one 


t In exact blowpipe analysis, it is advisable, after fusion with carbonate of 
soda on charcoal, to grind the fused mass and surrounding charcoal to fine 
powder in an agate mortar, to suspend the powder in water, and pour off the 
lighter particles (levigation) . On repeating the grinding and levigation several 
times, copper may be seen in red spangles, tin in brilliant white spangles, 
and iron, cobalt, and nickel as dark grey metallic powders, attractable by a 
magnetized knife-blade. 

I Purple on adding a minute quantity of nitrate of potash. 

§ Take care that the wire itself imparts no tinge to the flame. Should it 
do so, it must be cleaned by repeated moistening with hydrochloric acid and 
heating in the flame. 

II See note to (164). 
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end (fig. 47), first in the lower part of the ordinary flame, 
and afterwards with the blowpipe. 

(а) Is any water condensed on the cool part of the 

tube P 

Is the water acid or alkaline to test-papers ? 

If acid (reddening blue litmus paper), the presence of 
sulphuric, hydrochloric, nitric, acetic, or oxalic acid may 
be suspected. 

If alkaline (turning red litmus blue, or turmeric brown), 
ammonia, or nitroqenized organic matter, is probably 
present (109). 

(б) Is there any sublimate deposited on the upper 

part of the tube ? 

This may be due to the presence of ammonia (109), of 
arsenic (111), of mercury (140), or of sulplmr (156). 

(c) Does the substance carbonize and emit any pecu- 
liar odour ? 

Indicating the presence of organic matter, either nitro- 
genized (145), or non-nitrogenized (119). 

171. Mix the substance with about an equal quantity 
of bisulphate of potash, and heat in a small tube sealed 
at one end (fig. 47), in the lower part of the ordinary 
flame. 

Brown acid vapours indicate nitric acid, 

Violet vapours indicate iodine, 

ITellow bleaching vapours indicate chlorine, 
either as a chloride (124), a hypochlorite, or a chlorate 
( 121 , 122 ). 

Fungrent acid vapours fuming^ in moist air 

indicate chlorine as a chloride, or fluorine as a fluoride 
(131). 

Ziffervescenoe,without any particular odour, 

indicates cai'honic acid. 

172. Mix a very little of the powdered substance with 
dry carbonate of soda and charcoal, and heat in a small 
tube sealed at one end (fig. 47), first in the lower part of 
the ordinary flame, and afterwards, if necessary, with the 
blowpipe ; to detect 

Ammonium, by the pung'ent odour (109). 

Arsenic, by the sblning* black sublimate (113). 

Mercury, by the grrey sublimate of minute 
grlobules (140). 
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173. Test for silica and for manganese by fusing on 
platinum wire with carbonate of soda (138, 150). 

174. Test for horacic acid by fusing on platinum wire 
with fluor spar and bisulphate of potash (117). 

175. Test for 'phosphoric acid by fusing on charcoal 
with boracic acid and iron wire (148). 

Note.— It is often difficult to obtain good pieces of charcoal. Fragments of 
the bowls of tobacco-pipes may be used as supports, the substance to be 
tested being mixed wit!) bitartrate of potash, which will, serve both as flux 
and reducing agent. These fragments will also serve, instead of platinum 
wire in the borax-ylass test (1G8). 

The coloured flame test (169) is greatly enhanced in value by examining 
the flame with the upeatroscope, but the description of this instrument exceeds 
the scope of this little work. 


CHAPTEE VI. 

SPECIFIC GIIAVITY. 

176. By specific gravity is meant the relation between 
the weights of equal bulks of various kinds of matter. 
It has been found convenient to compare the specific gra- 
vities of all solids and liquids with that of water, which 
is reckoned as 1*000 or lOOO. The specific gravity of sub- 
stances heavier than water is consequently represented 
by a higher number, and of those which are lighter by a 
lower number than 1*000 : that of lead, for instance, 
which is more than eleven times heavier than water, is re- 
presented by the number 11*44 ; while that of ether, which 
is considerably lighter than water, is represented by the 
number 0724. 


SECTION I. 

Specific gravity of solids heavier tha.n 'water, 

177. When the substance is solid and insoluble 
in water, its specific gravity may be ascertained 
in the following manner : — S uspend it by means 
of a horse-hair, from a hook attached to the 
scale-pan, making a small loop at one end of 
the hair, passing the other end through it, and 
enclosing the substance in the noose. Thus sus- 
pended, weigh it exactly. Then immerse it in 
water and weigh it again (fig. 53), care being 



I'iA. 53. 
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taken that it is covered on all sides by at least half an 
inch of water. Small bubbles of air frequently adhere to 
the surface, and these must be brushed ofE with a feather 
or camel-hair pencil, as they would tend to buoy it up, 
and cause the specific gravity to appear too low. 

The results may be noted down as follows : — 

Weight of the substance in air .... = 

„ „ in water . , . = 

Loss . . . , = 

which number represents the weight of an equal bulk of 
water. Then by dividing the weight in air by the loss, or 
the weight of an equal bulk of water, the specific gravity 
is ascertained. 

Weight in air 

= Specific gravity. 

Loss 

178. In this way determine the specific gravity of some 
of the following substances : — marble, amber, iron pyrites, 
sulphate of baryta, jet, lead, zinc, glass, and agate.* 

SECTION II. 

Specific gravity of solids lighter than ivater, 

179. If the solid be lighter than water, as cork, a slight 
modification of the above process is necessary. 

Weigh the substance first in air as before : 
then select a piece of lead of sufficient size to 
sink the light body in water when attached to 
it, and weigh it (the lead) in water, suspending 
it my means of a hair loop. If now the light 
substance be enclosed in the same loop with 
the lead (fig. 54), and immersed in water, it 
will be found that they will together weigh 
less than the lead did alone, owing to the 
buoyancy of the lighter body ; and this dif- 
ference, when added to the weight of the body 

Fi^. 64 . in air» is equal to the weight of a correspond- 
ing bulk of water. 

• The following are the specific gravities of these substances, some of 
which, however, vary considerably. Marble, 2' 70 ; amber, I'OS; iron-pyrites, 
4*9 ) ; sulphate of baryta, 4*47; jet, 1*30; lead, 11-44: zinc, 7*00; flint glass, 
8-30 3 and agate, 2m 
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The results may be thus recorded : — 

Weight of body in air , = 

Weisrht of lead alone in water = 

Weight of lead with body attached, in water = 

Difference 

Add weight of body in air =» 

Weight of an equal bulk of water* . , . , = 

Having thus obtained the weight of the body in air, 
and the weight of an equal bulk of water, the specific 
gravity is calculated as before. 

Weight in air 

= Specific gravity. 

Weight of equal bulk of water 

In this way ascertain the specific gravity of wood, cork, 
and charcoal.f 


SECTION III. 

Specific gravity of insoluhle powders. 

180. When the substance, whose specific gravity we 
wish to determine, is in the form of powder, or even 
small luiDps, it is clear that some other method must be 
adopted than those just described. I'he following is the 
most simple, and, for common purposes, sufficiently accu- 
rate. Counterpoise^ a small bottle furnished with a 
stopper ; then fill it about two-thirds full of the powder 
to be examined, and again weigh ; fill the bottle cautiously 
with water, care being taken that all air bubbles are 
expelled, and that none of the powder is washed out. 
Again weigh. Lastly, rinse the bottle thoroughly, fill it 
with distilled water, and weigh again. 

* The principle of this calculation may not be evident at first sight. Let 
W represent the weight of the lead alone in water, and w the weight of the 
lead and cork in water ; then w— W would be the weight of the cork alone in 
water; but, the cork being lighter than water, W is greater than and 
hence w— W is a negative quantity, and represents the buoyancy of the 
cork, — i.e. the excess of weight of an equal volume of water over that of the 
cork. By adding then to this difference the weight of the cork in air, we 
obtain the weight of an equal bulk of water. 

t The specific gravity of these substances varies considerahly, according to 
the degree of porosity : the lollowing may be considered as the usual average ; 
wood (beech), 0*85; cork, 0*14; and charcoal, 0'2 to 0’6. 

X This is done by putting shots or strips of lead in a pill-box placed In the 
opposite scale, until their weight is equal to that ol the bottle The bottle is 
placed in the scale-pan in the oi dintiry way. Bottles may be purchased w^eb 
are made to contain exactly looo groins oi distilled water. 
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From the data thus obtained, the specific gravity may 
be calculated as follows : — 

Weiprbt of the powder and water = 

Weight of the powder alone = 

Difference = weight of water left in the bottle, = 

Weight of water which fills the bottle . . . = 

Water left in the bottle after the powder was 1 _ 

added f 

Weight of water displaced by, and equal in ) . 
bulk to, the powder J ' 

Then as before : — 

Weight of the powder 

= Specific gravity. 

Weight of water displaced 

In this way ascertain the specific gravity of sand, 
pounded glass, and shot.* 


SECTION IV, 

Specific gravity of liquids, 

181. With a bottle similar to that used in the last ex- 
periment, the specific gravity of liquids may be readily 
determined. As the space occupied b}’ a given 
weight of liquid varies with the temperature, 
or in other words, as the weight of a given 
volume of any liquid is greater or less as the 
temperature is lower or higher, it is necessary 
to observe that the temperature of the liquid 
during the experiment does not vary much 
from ()0° F., which is usually taken as the 
standard. For the same reason the bottle 
should not be held in the warm hand during 
the experiment, as otherwise the heat would 
cause the liquid to expand, and become speci- 
fically lighter. 

Counterpoise the bottle, and weigh it full 
of distilled water : then, by filling it succes- 
sively with other liquids, weighing, and com- 
^ravity pa^iug the different weights with that of 
aiasB: water, the volume of liquid being always the 

• The specific gravity of sand is about 2 ’60: flint glass, 3*30: and shot, 
11*35. 
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same, the specific gravity is obtained by proportion, 
thus : — 


Weight of water : I’OOO :: Weight of liquid ; Specific gravity. 


Care must be taken to clean the bottle thoroughly after 
each experiment, by washing it first with distilled water, 
and then with a little of the liquid whose den- 
sity is to be ascertained. 

Some of the following may be taken for prac- 
tice : saturated solution of chloride of sodium, 
sulphuric acid, nitric acid, hvdrocliloric acid, 
solution of ammonia, solution of potash.* 

182. The specific gravity of liquids may also 
be determined by another process, which, 
though not capable of so much accuracy as the 
last, is frequently useful when a specific-gravity 
bottle is not at hand. 



Take a piece of solid glass rod, about the j|l 

size of the figure (fig. 55), with one end drawn y 

out and turned in the blowpipe flame. Weigh Fig. 66. 
it first in the air and then in water, suspending 
it with a hair-loop (fig. 56). Then, having wiped it dry 
between each experiment, weigh it successively in the 
liquids, the specific gravities of which are to be deter- 
mined. The difference between the weight of the glass in 
air and in the liquid, representing in each case the weight 
of a volume of the liquid equal to that of the glass ; and 
the weight of a similar volume of water being known, the 
specific gravity may be ascertained by simple calculation. 

Thus : 


Weight of glass in air . 
Weight of glass in liquid 
Loss . . . 


which is the weight of an equal volume of the liquid. 

Then by proportion, 

Weight of equal \ . .. f Weight of equal ) , f Specific gravity 1 

volume of water ) ' ^ ” { volume of liquid ) * ( of the liquid. ) 

Determine in this way the specific gravities of some of 
the solutions already mentioned, and compare the results 
with those obtained with the specific -gravity bottle. 

• The specific gravity of a saturated solution of chloride of sodium is 
1*205. That of the other liquids will be found in the tables given in the 
Appendix. 
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CHAPTER VII. 

HEATING SUBSTANCES IN GASES. 

SECTION I. 

Reduction of metallic oxides by hydrogen 

183. A large number of the metallic oxides are decom- 
posed and reduced to the metallic state when heated in an 
atmosphere of hydrogen gas ; and from the facility with 
which the operation may be performed, and the accurate 
results which it gives when carefully conducted, it is fre- 
quently employed in estimating the quantity of oxygen 
present in oxidized compounds. 

184. The apparatus which is required for the purpose 
is shown in the figure. (Fig. 57.) The bottle a is charged 



Fig. 67, Reduction of* Oxide of Copper. 

with zinc and dilute sulphuric acid to generate the hy- 
drogen, which is dried while passing over fragments of 
chloride of calcium in the tube e ; the gas then passes into 
the bulb-tube* h, which contains the oxide to be reduced, 
the bulb being heated by the lamp placed beneath. 

*■ A piece of plain hard prlass tubinj? (combustion tubinj?), about half an 
inch in diameter, provided with a cork and small tube at one end, and drawn 
out to a point at the other, may be substituted for the bulb-tube, provided 
that care be taken to introduce the powder into its centre, as may be easily 
done by placing it in a gutter of stiff paper, so as to occupy only about an 
inch, then sliding the gutter into the tube, and turning this half round upon 
its axis, so that the powder may fall from the paper on to the glass ; the 
gutter is then carefully withdrawn, without disturbing the powder. 
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185. Take a piece of tubing e, about eight or ten inches 
long, and half an inch internal diameter, and having 
slightly fused the cut edges in the blowpipe flame, adapt 
a cork to each end : then, with a cork -borer or round file, 
perforate the corks so as to receive the small tubes d and 
m. In using the cork-borers, bore half-way through the 
centre of the cork, then reverse it, and bore in the opposite 
direction ; the two holes meeting in the centre will be 
much smoother than if bored directly through. When 
the tube is of such a diameter as cannot be exactly 
matched by any of the cork -borers in the set, the hole 
should be bored by a smaller one, and afterwards enlarged 
by means of a round file, until it is of sufficient calibre to 
admit the tube, which must always fit perfectly tight. 
Remove one of the corks from the large tube, and push 
down to the other end a small loose bit of tow or cotton- 
wool, and nearly fill it with fragments of chloride of cal- 
cium ; put in another bit of tow (the use of which is to 
prevent any of the smaller fragments falling out), and 
again fix the cork and small tube. 

Next adapt a cork to the bottle, which should have a 
tolerably wide neck, and bore in it two holes to fit the 
tubes h and c, which pass through it, the former reaching 
nearly to the bottom of the bottle, the latter passing only 
just through the cork,* Put 300 grains of granulated 
zinc into the bottle, and fix the cork containing the tubes 
b and c. 

186. In order to connect the different parts of the ap- 
paratus together, short pieces of vulcanized india-rubber 
tubing are employed ; or, if a plain tube be substituted 
for the bulb-tube, the tube c may be directly inseiied into 
the cork of the chloride of calcium tube, and the tube m 
into that of the plain tube. 

187. Weigh the bulb-tube accurately, and place in the 
bulb 20 or 30 grains of oxide of copper previously well 
dried by a moderate heat ; again weigh, to ascertain the 
weight of oxide operated on, and connect the apparatus 
as shown in the figure. The apparatus being thus ar- 
ranged, cover the fragments of zinc with about an ounce 
of water, and add dilute sulphuric acid, by the funnel-tube, 
till a moderate effervescence takes place ; when the gas 

* When a funnel-tube is not at band, a piece of wide tubing may be passed 
through the cork, aud an ordinary funnel placed in it. 
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has been coming over about five minutes, apply a gentle 
beat to the bulb with a Bunsen burner or a spirit-lamp, 
and gradually increase it as long as any water is formed 
by the combination of the hydrogen with the oxygen of 
the oxide of copper. 

It is necessary to observe the precaution of not apply- 
ing the heat immediately, since the apparatus at first 
contains an explosive mixture of hydrogen and common 
air, which would, if heat were applied, be in great danger 
of exploding, and seriously injuring the operator ; by 
allowing five minutes to elapse, however, the whole of the 
common air is expelled, and the bulb may be heated with- 
out danger. 

It is advisable to heat the anterior portion of the tube 
before applying any heat to the oxide of copper, so as to 
prevent the condensation of any large quantity of mois- 
ture, which is apt to crack the tube. A slight inclination 
towards the open extremity should be given to the bulb- 
tube, so that any drops of water which may condense 
shall have no chance of running back upon the hot part 
of the tube. 

188. When the decomposition appears to be complete, 
no more water being produced,* expel by heat any 
moisture that may have condensed in the cool end of the 
tube, remove the lamp, and allow the bulb-tube to cool : 
then disconnect the apparatus, and weigh the bulb con- 
taining the reduced metallic cojjper, the loss oi’ weight 
indicating the quantity of oxygen which has been removed. 
Ascertain by calculation the proportion of oxygen in 100 
parts of the oxide, and compare the experimental result 
with what is theoretically correct. 

SECTION II. 

Heating substances in an atmos^phere of carbonic acid, 

189. It is sometimes required in analysis to separate 
two substances, one of which is volatile at a high tempe- 
rature, and the other fixed, so that by merely heating the 

* This is known by holding a piece of cold glass close to the opening at the 
end of the tube, and observitig whether any moisture is condensed upon its 
surface; if not, it may be inferred that no water is coming off. Should the 
hydrogen burn at the end of the tube, it must be extinguished before applying 
this test, by holding a thick piece of iron in the flame, and blowing it. 
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mixture, and weighing before and afterwards, the weight 
of each ingredient is determined. In some cases, however, 
it happens that the non-volatile body, when heated in 
atmospheric air, combines with oxygen, forming a volatile 
compound ; so that here it is necessary to conduct the 
operation in an atmosphere of some gas incapable of com- 
bining with it, as hydrogen or carbonic acid. For instance, 
in the analysis of gunpowder, which consists of a mixture 
of nitrate of potash, sulphur, and charcoal, the nitrate of 
potash is first dissolved out with water, and the insoluble 
residue, consisting of sulphur and charcoal, is heated in a 
current of hydrogen or carbonic acid, when the sulphur, 
being volatile, is expelled ; whereas, if the mixture were to 
be heated in common atmospheric air, the carbon as well 
as the sulphur would disappear, since it would combine 
with oxygen, and become converted into carbonic acid, 
which is a gas. 

190. The apparatus required for this purpose is the 
same as that used for the reduction of metallic oxides by 
hydrogen (184). Fill the generating bottle a about one- 
third full of water, and put in some fragments of marble ; 
when the apparatus is arranged, pour in from time to 
time a little hydrochloric acid through the tube 6, so as 
to maintain a moderate effervescence. Weigh the bulb- 
tube, and put into it about ten grains of the mixture of 
sulphur and charcoal ; weigh a second time, to ascertain 
how much is used in the experiment, and connect the ap- 
paratus together. Allow the gas to come over for about 
five minutes, in order to displace the common air (which 
might otherwise cause the loss of some of the charcoal, by 
conversion into carbonic acid), and then heat the mixture 
as long as any sulphur is volatilized, taking care to chase 
out any sulphur which may have condensed on the cool 
part of the tube. As soon as the apparatus is cold, weigh 
the bulb-tube again, when the loss of weight will represent 
the quantity of sulphur contained in the mixture. The 
percentage of sulphur is then ascertained by calcula- 
tion.* 

Weight of mixture : loss of weight :: 100: percentage of sulphur. 


• The glass tube must be very gently heated, for, at a red heat, the 
carbonic acid gas would convert part of the carbon into carbonic oxide gas. 
The residue lett when gunpowder is exhausted with water contains 40 per 
cent, of sulphur. 
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RECOGNITION OF METALS AND NON-METALLIC 
BODIES IN THEIR MOST FREQUENT 
FORMS OF COMBINATION. 


CHAPTER L 

SECTION I. 

Introductory, 

191 . Qualitative analysis has for its object the deter- 
mination of the elements or compounds wiiich are con- 
tained in any given substance ; and those elements and 
compounds are recognised by certain characteristic ap- 
pearances which they present when exposed to the action 
of tests or reagents, or when otherwise treated, as when 
submitted to heat, &c. 

Before proceeding, therefore, to the more complicated 
processes of analysis, it is advisable that the student 
should make himself familiar with the action of reagents 
on the compounds most commonly met with in such in- 
vestigations, in order to enable him properly to interpret 
the language in which Nature, through his experiments, 
replies to his inquiries. 

With this purpose in view, he should not merely apply 
his tests, and superficially note whether a precipitate is or 
is not formed, but he should endeavour to impress on his 
recollection the exact appearance which it presents, both 
as to colour and also as to physical structure ; whether it 
is crystalline, curdy, or gelatinous ; whether it separates 
immediately from the solution, or requires time for its 
development ; as well as the action of solvents (as acids 
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and alkalies) upon it. Besides tlie increased facility which 
he will thus gain in making subsequent experiments, he 
will be acquiring habits of close and accurate observation, 
which will be of infinite value to him, not only in pursuing 
the study of chemistry, but in almost every occupation of 
life. 


SECTION II. 

Analytical Classification, 

192. In describing the action of reagents, and the rudi- 
ments of chemical analysis, all the rarer substances will 
be omitted, as they would only tend to confuse the student.* 
The following are those which will be treated of, as being 
most commonly met with in analysis. The metals are 
classified according to their behaviour mth. hydrosulphuric 
acidy hydro sulphate of ammonia^ and carbonate of am- 
monia, Those in Class 1. are precipitated as sulphides 
from acidified solutions by hydrosulphuric acid : those in 
Class II. arc not affected by hydrosulphuric acid when an 
excess of hydrochloric acid is present, but are thrown 
down either as sulphides or oxides when their neutral 
solutions are treated with hydrosulphate of ammonia : 
those in Class III. are not precipitated by either hydro- 
sulphuric acid or hydrosulphate of ammonia, but are 
thrown down as carbonates, by carbonate of ammonia: 
and those in Class lY. are unaffected by any of those 
reagents.f 

Metals and theie principal Oxides. 

Cla99 I. 


Metals. Oxides. 

Antimony, Sb Oxide of Antimony, SbgOs. 

Arsenic, As Arsenious Acid, AB2O3. 

Arsenic Acid, AsoOg. 

Bismuth, Bi ..... . Oxide of liismuth, BigOa. 

Copper, Cu Oxide of Copper, CuU. 

Lead, Pb Oxide of Lead, PbO. 

Mercury, Hg Mercurous Oxide, HggO. 

Mercuric Oxide, HgO. 

Silver, Ag Oxide of Silver, AggfJ. 

Tin, Su Stannous Oxide, SnO. 

Stannic Acid, SnOg. 


^ In the Appendix will be found a table showing the behaviour of most of 
the rarer substances with reagents. 

t See table of Analytical Classification in the Appendix. 
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Class II, 


Metals. Oxides, 

Aluminium, A 1 Alumina, AlgOs. 

Chromium, Cr Oxide of Chromium, CrgOi. 

Chromic Acid, CrOs. 

Cobalt, Co Oxide of Cobalt, CoO. 

Iron, Fe Ferrous Oxide, PeO. 

Ferric Oxide, FegOg, 

Manganese, Mn .... Oxide of Manganese, MnO. 

Binoxide, MnOg. 

Manganic Acid, H^MnO^ (?)^. 
Permanganic Acid, IIMUO4 (?), 

Nickel, Ni Oxide of Nickel, NiO. 

Zinc, Zn Oxide of Zinc, ZnO. 

Class III. 

Barium, Ba ..... . Baryta, BaO. 

Calcium, Ca Lime, CaO. 

Magnesium, Mg .... Magnesia, MgO. 

Strontium, Sr Strontia, SrO. 

Class IV. 

Ammonium (hypothetical) . NH4. 

Potassium, K Potash, K^O. 

Sodium, Na Soda, NagO. 


NoN-METi-LLic Bodies and theib peincipal Acids. 


Non-metallic bodies. Acids, 


Nitrogen, N . 
Sulphur, S . 


Phosphorus, P 

Carbon, C 


Boron, B 

Silicon, Si 

Chlorine, Cl 


Iodine, I . 
Fluorine, F 


Nitric Acid, IINO3. 
Hydrosulphuric Acid, UgS. 
Sulphurous Acid, H2SO3. 
Hyposulphurous Acid, H2S2O3 (?). 
Sulphuric Acid, H2SO4. 
Phosphoric Acid, H3PO4. 

Carbonic Acid, CO2. 

Oxalic Acid, H2C2O4. 

Hydrocyanic Acid, HCN. 
Ilydruferrocyanic Acid, H4C6N6Fe. 
'J artaric Acid, H2C4II4O6. 

Citric Acid, H3C6H5O7. 

Gallic Acid, H3C7H3O5. 


Benzoic Acid, 


I ^14^10 

1, HCyHf 


— .... ...... 

Acetic Acid, IIC2H3O2. 
Boracic Acid, HgliOs. 

Silicic Acid, Si02. 
Hydrochloric Acid, HCl. 
Hypochlorous Acid, HCiO (?). 
Chloric Acid, HCIO3. 
Hydriodic Acid, HI. 
Hydrofluoric Aeid, HF. 


193. Should the student find that the action of any test 

The note of interrogation implies that the formula is not satisfactorily 
established by analysis. 
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does not agree with that described, it may be owing to 
some impurity contained in the test-liquid, in which case 
he may examine it in the manner described in the section 
on reagents. 

It will be observed that, in general, only those reactions 
are set down which admit of practical application in the 
systematic course of analysis, those which possess merely 
a general interest being omitted. 

The student is cautioned against supposing that any 
reaction which is ascribed to one substance, and not to 
others of the same group, may serve as a characteristic 
test for that substance, since sucii an application will 
always receive a special notice, and the reaction is omitted 
in the case of the other substances, merely because it is 
not applied in the systematic course of analysis. 


OIIAPTEE II. 

METALS BELONGING TO CLASS 1. 

8 liver f Lead, Mercury, Blf^mulh, Co]}'per, Tin, Antimony, 

' Arsenic, 

194. These metals are distinguished from those of the 
succeeding classes, by being jirecipitated from their acidi- 
fied solutions when treated with hydrosulphuric acid. It 
is remarkable that nearly all the metals, the compounds 
of which are most eminently poisonous, belong to this 
class. 

SECTION I. 

Silver (Ag). 

A solution of nitrate of silver (Ag]Sr 03 ) may be used. 

195. Pour a few drops of solution of AgNOg into a 
test-tube, and add some hydrosulphuric acid.* A black 

* Always smell hydrosulphuric acid before using it, since, when kept, its 
hydrogen becomes oxidised by the air, and sulphur deposited, if it be fit for 
use, it will smell very strongly of the gas. 
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precipitate of sulphide of silver will be produced, which 
will not dissolve on adding a few drops of dilute nitric 
acid. 2Ag]S[03+H2S=2H]Sr03+Ag2S. 

196. (C)* Hydrochloric acid produces in solutions of 
silver a white curdy precipitate of chloride of silver, which 
IS readily soluble in ammonia. 

AgN 03 +HCl=H]Sr 03 +AgCl. 

If the ammoniacal solution 
be neutralized with nitric 
acid, the chloride is reprecipi- 
tated. Compare (199, 208). 

197. Identification of me- 
tallic silver. — Dissolve a scrap 
of silver in dilute nitric acid, 
with the aid of heat (fig. 58), 
and ascertain the presence of 
the metal by adding hydro- 
chloric acid, and dissolving 
the precipitate in ammonia. 
[For the blowpipe test, see (152).] 
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SECTION II. 

Lead (Pb). 


A solution of the acetate or the nitrate of lead Pb(N03)2 
may be used. 


198. (C) Hydrosuljphuric acid throws down, in solutions 
containing lead, a dense black precipitate of sulphide of 
lead.f Pb(N09)2+H2S=2HN03-j-PbS. 

If the sulphide be boiled with dilute nitric acid, a little 
of it is converted into the insoluble sulphate of lead, but 
the greater part is dissolved. 

199. (C) Hydrochloric acid throws down a white and 
often crystalline precipitate of chloride of lead. If the 
solution with the precipitate be boiled, a portion of the 

* Tests marked (C) are those generally employed in the analytical course, 
and should therefore receive parpcular attention. 

t In solutions of lead to which an excess of hydrochloric acid has been 
added (199), hydrosulphuric acid often produces a fed precipitate composed 
of sulphide and chloride of lead, which becomes black after a time, or on 
boiling, in contact with an excess of hydrosulphuric acii 
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cWoride dissolves, and is deposited again on cooling, in 
the form of needle-shaped crystals. If the solution of lead 
is dilute, the chloride does not precipitate, as it is some- 
what soluble in water. 

Pb(N 03 ) 2 -f 2 ]a:ci=PbCi 2 + 2 H]sro 3 . 

The chloride of lead is not dissolved by an excess of 
ammonia. Compare (196). 

200. (C) Dilute sulphuric acid produces a white granu- 
lar precipitate of sulphate of lead, which is sparingly 
soluble in acids, but soluble in acetate of ammonia mixed 
with excess of ammonia* on boiling. 

Pb(N03)2+H2S04=PbS04+2HN03. 

If the precipitate be moistened with a solution of am- 
monium sulphide, it is instantly blackened, owing to the 
formation of sulphide of lead : it is distinguished in 
this way from the insoluble sulphates of barium and 
strontium. 

201. (C) Chromate of potash gives a fine yellow preci- 
pitate of lead chromate which is insoluble in dilute acids. 
This substance is the basis of the pigment known in com- 
merce as chrome yellow. 

K 2 Cr 04 +Pb(JS^ 03 ) 2 = 2 KN 03 +PbCr 04 . 

202. (C) Iodide of jpotasskiyn also gives a beautiful 
yellow precipitate of lead iodide, which is rather lighter 
in tint than the chromate. If the iodide thus formed be 
boiled with water, it dissolves, especially if a little hydro- 
chloric acid be added, and again separates on cooling, in 
the form of brilliant crystalline scales, which are extremely 
beautiful. 2 KH-Pb(N 03 ) 2 = 2 KN 03 +Pbl 2 . 

203. Identification of 7n€tallic lead , — Boil a small piece 
of lead (e,g. a shot) with a little dilute nitric acid, which 
will gradually dissolve it ; test different portions of the 
solution with dilute sulphuric acid (200), and hydrochloric 
acid (199). Strong nitric acid will not easily dissolve lead, 
the metal becoming coated with nitrate of lead, which is 
not soluble in the strong acid. 

[For the blowpipe test, see (134).] 

* Acetate of ammonia may be made by gradually adding acetic acid to 
solution of ammonia, till the liquid is slightly acid to blue litmus paper. 
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SECTION III. 

Mercury (Hg). 

A. As mercurous oxide^ so7ne correspoudlng 

compound. 

204. t (C) Heat a very little calomel HggClo in a 
small tube sealed at one end {uot a test tuhe). It 
becomes pale yellow, and, being volatile, it sublimes, 
and condenses in the upper part of the tube; on 
cooling, the colour disappears. 

205. (C) Mix a little dry carbonate of soda with 
a very minute quantity of calomel, and put the 
mixture into a tube, a (fig. 59) ; then cover it with 
a layer of carbonate of soda in powder, about a 
quarter of an inch deep, 5, and apply heat (140). 

p.. The calomel is decomposed, and minute globules of 
^ ‘ “ metallic mercury condense in the cool part of the 

tube at c. Hg,Cl 2 +Na;C 03 =Hg 2 + 2 HaCl+C 02 +(). 

206. " Boil a little calomel with distilled 
water in a test-tube ; filter the water 
into another tube (fig. 60), and test it 
with ammonium sulphide; no effect is 
produced, proving that* the calomel is 
insoluble in water. J 

207 . (C) Fofdslh or ammonia poured 
on the calomel, decomposes it, turning 
it black, owing to the formation of the 
black oxide of mercury. 

Fi6,.60. FOLcrin^ HgoCl^-f 2KH0=Hg20 + 2 KCl-f H 2 O. 

^ 208. (C) Hydrochloric acid, added to a 

solution of a mercurous salt (e. 7 . the protonitrate), throws 
down a white precipitate of mercurous chloride (calomel). 
2HgN03 + 2HC1 = -f Hg^Cl,. 

Ammonia converts the jjrccipitate into a grey com- 
pound of mercury. Comimre (196, 199). 

Hg 2 Cl 2 + 2 HH 3 =]SrH 2 Hg 2 Cl+HH 401 . 

* Also called protoxide or suboxide of mercury, 
t The blowpipe tests for calomel are repeated here, on account of its 
special imporlance. 

t If the calomel contained any corrosive sublimate, the sulphide would 
produce a black precipitate. 
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209. (C) Place a strip of clean co'p'per in the mercurial 
solution, and observe the deposition of metallic mercury. 

B. As Mercuric Oxide (HgO) or some corres'ponding 
comi^oand. 

The mercuric chloride (HgCl2) (bichloride of mercury 
or corrosive sublimate), either solid or in solution may 
be used. 


210. Heat a small fragment of HgCl^ in a small tube 
sealed at one end ; it fuses, boils, and sublimes into the 
upper part of the tube (141). 

211. (C) Repeat the experiment described in (205), using 
a very small particle of HgCL instead of calomel ; metallic 
mercury sublimes in both cases. 

212. Boil a little with water, in which it readily dis- 
solves, thus differing from mercurous chloride. 

213. (C) Test a solution of HgCh with a small quantity 
of hydrosidplmric acid. A white precipitate is first 
formed, which, on the addition of more of tne precipitant, 
gradually becomes darker, and ultimately black. This 
change of colour is owing to the formation of a double 
compound of HgS and HgClj, which is white ; and when 
the hydrosulphuric acid is added in excess, the whole of 
the mercury is converted into the mercuric sulphide 
(HgS).* The precipitate is insoluble in hydrochloric and 
nitric acids separately, but is readily dissolved by a mix- 
ture of the two on heating, and again converted into 

HgCl^. 

214. Ammonia throws down vjh/de precipitate. 

HgCl2+2NH3=NH2HgCl-fNH4Cl. 

215. (C) Potash gives a yellow precipitate of mercuric 
oxide. HgCl2+2KH0=Hg9+2KCl+H20. 

216. (C) When protochloride of tin is added in small 
quantity, the mercuric chloride is reduced to the state of 
mercurous chloride, which separates as a white precipitate. 
If the salt of tin be added in excess the mercury is re- 
duced to the metallic state. HgClg-f SnCl2=Hg-f-SnCl4. 

217. (C) Potassium iodide causes a most beautiful red 


HgCla + H,S = 2HC1 + HgS. 
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precipitate of mercuric iodide, whicli surpasses even ver- 
milion in brilliancy of colour. HgCljj-h 2 KI=Hgl 2 + 2 KCl. 
It is readily soluble in an excess of either of the solutions, 
especially in the iodide of potassium. Compare (202). 

218. (0) If a solution containing mercury be acidified 
with hydrochloric acid, and boiled with a few slips of 
clean copper, the surface of the latter becomes coated with 
a lustrous film of metallic mercury, and if the slips be 
dried upon blotting-paper and heated in a small tube 
closed at one end (not a test-tube), globules of mercury 
may be obtained. HgCl 2 +Cu=CuCL+Hg. 


SECTION IV. 

Bismuth (Bi). 

A solution of the chloride (BiClg) may be used. 

219. (C) Mix a concentrated solution of the chloride 
with a considerable quantity of water, which causes a 
white precipitate of oxychloride of bismuth. 

3BiCl^+3B.O=BiC],Blfi^+6iaLCl 

A similar decomposition takes place when solutions of 
many of the soluble salts of bismuth are diluted with 
much water. The precipitates thus formed are usually 
distinguishable from those produced under the same cir- 
cumstances in solutions of antimony, by being insoluble 
in tartaric acid. 

220. (C) Hydro sulphuric acid and ammonium sulphide 
throw down, from solutions of bismuth, a black precipitate 
of bismuth sulphide, which is insoluble in cold dilute acids, 
but soluble in hot nitric acid. 

2BiCl3 -f 3 H 2 S =BigS8+ 6HG1. 

221. (C) Ammonia gives a white precipitate of bismuth 
hydrate, which is insoluble in an excess of the precipitant.* 
If the precipitate be redissolved in as little hydrochloric 
acid as possible, the solution will become milky when 
mixed with a large quantity of water (219). 

222. (C) Iodide of potassium gives, in strong solutions, 

* BiCl3+3NH4H0=BiH308+3NH4Cl. (?) 
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a brown precipitate of bismntli iodide ; in dilute solutions, 
only a red brown colour. One drop of acetate of lead 
added to the red brown solution gives a brown precipitate 
composed of lead and bismuth iodides ; if this precipita^ 
be dissolved by boiling with water and a little hydrochloric 
or acetic acid, it will crystallize out, with a very beautiful 
colour and ^pearance, on cooling the test-tube in a stream 
of water. Compare (202, 217). 

222a. Add to the solution some SnClg (prepared by dis- 
solving a piece of tin in cone. HCl) and excess of potash. 
A black precipitate of bismuthous oxide (BiO) is obtained. 

[For the blowpipe test, see (116).] 

SECTION V. 

Copper (Cu). 


A solution of sulphate of copper (CUSO4) may be used. 


223. (0) Hydrosulphuric acid and ammonium sulphide 
throw down a black precipitate of sulphide of copper from 
solutions of copper salts, whether neutral, acid, or alkaline. 

CuS 04 +H 2 S=CuS+H,S 04 . 

224. (C) Ammonia, when added in small quantity, 
throws down a pale blue precipitate, consisting of a basic 
salt of copper, which immediately redissolves when the 
ammonia is added in excess ; the solution thus formed has 
a beautiful deep blue colour, owing to the formation of 
the ammonio- sulphate of copper (CuSO4.4NH3.H2O). 

225. Potash produces in cold solutions of copper a pale 
blue precipitate of cupric hydrate (CUH2O2). If the mix- 
ture be boiled, or if the potash be added to a hot solution, 
the precipitate becomes black, owing to the decomposition 
of the hydrate, and formation of the black oxide (CuO), 
The potash must for this purpose be added slightly in 
excess, as otherwise the precipitate would consist of a 
basic salt, which would not become black when boiled. 

226. (C) Potassium ferrocyanide gives, even in very 
dilute solutions, a mahogany-coloured precipitate of cupric 
ferrocyanide (Ou^CyeFe), which is insoluble in dilute acids. 

227. (C) A piece of clean iron (a knife-blade), when 
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placed in a solution containing copper, causes a precipita- 
tion of metallic copper on its surface. 

This is an extremely delicate test, and by this means 
the whole of the copper may be removed from a liquid, 
especially if a slight excess of acid is present. 

228. Identification of metallic copper, — Dissolve a very 
small piece of copper in dilute nitric acid (22) ; test one 
part of the solution with ammonia (224), and the other 
with ferrocyanide of potassium (226). 

[For the blowpipe tests, see (128, 129, 130).] 

SECTION VI. 

Tin (Sn). 

A. As protoxide^ or some corresponding compound, 

A solution of protochloride of tin (stannous chloride SnCl^) 
may be used, 

229. (C) Hydro sulphuric acid gives in solutions of 
stannous salts, either neutral or with excess of acid, a 
dark brown precipitate of stannous sulphide (SnS), which 
is soluble in ammonium sulphide containing an excess of 
sulphur (which is shown by the yellow colour). The solu- 
tion is facilitated by heating. 

If the solution Ahus formed be neutralized with hydro- 
chloric acid, a yellow precipitate of stannic sulphide (SnSg) 
is produced, which was formed by the action of the yellow 
ammonium sul]3hide upon the stannous 8ul]3hide. 

230. (C) Mercuric chloride produces, even in very dilute 
solutions, at first a white precipitate of mercurous chloride, 
which is often highly crystalline, and gives a silky ap- 
pearance to the liquid. If a sufficient quantity of the tin 
salt be present, this white precipitate is converted after a 
time into grey metallic mercury (216). 


* Also called stannous oxide. 
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B. As peroxide of tin* or some corresponding compound. 


A solution of the perchloride (stannic chloride SnCl 4 ) may 
be used. 


231. (C) Hydro sulphuric acid gives, in acid solutions, 
a pale yellow precipitate of stannic sulphide which is in 
some cases formed only on heating. It is dissolved when 
heated with ammonium sulphide. Compare (229). 

232. Ammonia or potash throws down, from acid solu- 
tions, a bulky white precipitate of stannic hydrate 
(H 2 S 11 O 3 ) which is soluble in an excess of the preci] 3 itant, 
especially when potash is used and heat applied, forming 
potassium stannate. KoSnO.^. 

The stannic hydrate when thus formed by precipitation 
with potash, is readily soluble both in potash and nitric 
acid, in which respect it differs from that formed by the 
action of nitric acid on metallic tin, though both yield the 
same results when analysed. 

233. (0) Carhonate of ammonia, in acid solutions, pro- 
duces a white precipitate of stannic hydrate, which is not 
dissolved on boiling with an excess of the carbonate. 
Compare (240). 

234. If a piece of zi'uc be allowed to remain for a 
minute or two in a solution of tin, the latter will be 
deposited in the metallic state, and may be identified by 
boiling it in hydrochloric acid and testing with mercuric 
chloride (230). 

235. (C) Identification of metallic tin . — Boil a small 
fragment of tin with dilute nitric acid ; it is converted into 
a white insoluble powder, which is metastannic acid. Boil 
another portion of the metal with hydrochloric acid, which 
slowly dissolves it as stannous chloride ; pour a little of 
the solution into another tube, and test with perchloride 
of mercury (230). Continue to boil the rest of the tin 
with the acid, and add dilute nitric acid very carefully at 
intervals, until the whole is dissolved. Test the stannic 
chloride thus produced with hydrosulphuric acid (231), 
and with carbonate of ammonia (233). 

[For fhe blowpipe test, see (161).] 

* Also called stannic acid and binoxide qf tin. 
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SECTION VII. 

Antimony (Sb). 

236. Add dilute hydrochloric acid, drop by drop, to 
solution of tartar-emetic ;* a white precipitate of oxide of 
antimony will be produced at first, bat will be easily dis- 
solved by the acid. Place a little of the solution on pla- 
tinum foil, and dip in it a piece of zinc, touching the 
platinum. Antimony deposits as a black stain upon the 
platinum ; rinse the latter, and place some yellow ammo- 
nium sulphide ujion it ; the stain will be dissolved, and 
orange antimonious sulphide will be left on evaporation. 

237. (C) To this solution (containing only just enough 
acid to redissolve the precipitate) add eight or ten times 
its volume of water, when it will become milky from the 
separation of antimonious oxychloride (SbCla.SbsO^j), but 
may be rendered clear again by adding tartaric acid. 
Compare (219). 

238. (C) Acidify a solution of tartar-emetic with hydro- 
chloric acid, and add hydromlphuric acid, which will 
produce an orange precipitate of antimonious sulphide. 
(Sb,S3).t 

239. (C) Collect the antimonious sulphide upon a small 
filter, wash it once or twice with water, perforate the filter 
with a glass rod and wash the precipitate into a test-tube, 
using as little water as possible. Add carbonate of am- 
monia and heat gently ; the sulphide dissolves only to a 
very slight extent, and is thus distinguished from arse- 
nious sulphide. Add a little ammonium sulphide, and 
the precipitate will readily dissolve, but may be repreci- 
pitated by dilute hydrochloric acid, though its colour will 
now be paler than ]3efore, because a little sulphur is pre- 
cipitated together with it. 

240. (C) Add carbonate of ammonia to solution of anti- 
monious chloride. A white precipitate of antimonious 
hydrate is produced, which dissolves almost entirely on 
boiling with an excess of the carbonate of ammonia. 
Compare (233). 

Potaasio-tartrate of antimony, derived from tartaric acid (H2C4H4O6) by 
the substitution of K and Sb for H4. Tartar-emetic=C4H2KSb06. 

t Antimonic acid would furnish a similar precipitate of autimonic sulphide 
(SbaS,). 
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241. (C) Identification of metallic antimony , — Boil a 
little powdered antimony witli dilute nitric acid, which 
will convert it into a white powder (antimonic acid — 
HShOg). Boil another portion of the metal with hydro- 
chloric acid, and add nitric acid, very carefully, drop by 
drop, till the antimony is dissolved, as terchloride. Prove 
the presence of antimony in the solution by largely dilut- 
ing one portion (237), and by testing another with hydro- 
sulphuric acid (238). 

[For the blowpipe test for antimony, see ( 110 ). The 
antimonietted hydrogen test is described in the Section 
on Arsenic.] 


SECTION vin. 

Arsenic (As). 

A. As Arsenious Acid (AS 2 O 3 ).* 

242. On account of the highly poisonous nature of 
arsenic, great care should be taken, in the following ex- 
periments, not to use more than is absolutely necessary to 
exhibit its peculiarities. In all these experiments (except 
those of solution), a fragment of the size of a small pin^s 
head is quite sufficient. There is also another advantage 
in using such small quantities — namely, that in most 
medico-legal investigations, the quantity to be looked for 
is very minute, and it is consequently very important that 
the student should make himself familiar with the appear- 
ances which would, under these circumstances, present 
themselves. 

243. t (C) If a small fragment of arsenious acid be 
heated on charcoal before the blowpipe, it is wholly vola- 
tilized, and a smell of garlic will be perceptible. Both 
metallic arsenic and arsenious acid are volatile when 
heated, but the fumes of the latter have no smell. 

244. (C) Place a fragment of arsenious acid in a small 
tube sealed at one end (9o) (not a test-tube), warm the 
upper part of the tube by drawing it once or twice 
through a gas or spirit flame, and apply a gentle heat to 

• Commence this section by setting some arsenious acid to boil with water 
{see 247), and make the other experiments (242 to 246) in the interval. 

t It nas been thought advisable to repeat the blowpipe tests for arsenic 
(already described in Part 1,), in order to exhibit in this section all the 
leading characters of that important poison. 
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Fi^. Cl. Cryetais ofArse- 
nious Acid 


the arsenious acid. It sublimes without decomposition, 
and condenses in the cool part of the tube, in the form of 
minute sparkling octahedral 
crystals (fig. 61), which should 
be examined with a lens, as they 
are highly characteristic. The 
size and regularity of the crystals 
depend on the slowness with 
which the vapour is condensed. 
If the surface of the glass on 

which the condensation takes 

place is quite cold, the sublimate 
IS often amorphous.* 

245. (C) Mix a little arsenious 
acid with black flux (or a mix- 
ture of carbonate of soda and 
charcoal), which if at all damp 
should be previously dried (113), and heat a little of 
the mixture in a small tube, sealed at one end, before 
the blowpipe. The arsenious acid is deoxidized by 
the carbon of the flux, and the metallic arsenic thus re- 
duced sublimes, and condenses in the upper part of the 
tube, forming a more or less brilliant metalhc crust (a, 
fig. 49, p. 42). 2As203-f C3=3C02 +As4. 

If a moderate heat be now applied to the sublimate, it 
will again volatilize, and if any of the vapour escapes from 
the tube, it may be recognised by its characteristic odour 
of garlic. 

246. (0) Cut off, by means of a file, the portion of the 
tube containing the crust, wrap it in a piece of paper, 
break it into fragments, and place some of them in an- 
other tube. Sublime the arsenic by a gentle heat in the 
tube, and observe the conversion of the metal into crys- 



Dr. Guy has devised a very simple method of 
obtaining this sublimate, and others of a similar 
kind, upon a flat slide for microscopical examina- 
tion. In a flat plate of metal or porcelain, a hole 
is drilled, sufliciently large to receive a very short 
test-tube, about an inch and a half long, and half 
an inch in diameter (tig. 62) ; the arsenious acid 
is gently heated in this tube over a spirit-lamp 
flame, and the crystalline sublimate is allowed to 
deposit upon a glass slide slightly warmed and 
placed over the mouth of the tube. The bino- 
cular microscope permits the examination of sub- 
limates in tubes. 
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talline arsenions acid, whicli is formed by the action of 
the atmospheric oxygen contained in the tube. 

247. Boil a few grains of arsenious acid with water (in 
which it is sparingly soluble), in a flask : filter the solution 
from the undissolved portion, and retain it for testing. 

248. (C) Hydro sulphuric acid added to a solution of 
arsenious acid in water, gives it a bright yellow colour, due 
to the formation of arsenious sulphide. 

If the solution be acidified with hydrochloric acid, a com- 
plete separation of the arsenic may be effected as bright 
yellow AS 2 S 3 . 

249. (C) Pour a little of a solution containing the 
yellow precipitate into a test-tube, and add a few drops of 
ammonia, which will very easily dissolve it. (Sulphide of 
cadmium, which much resembles the sulphide of arsenic, 
is insoluble in ammonia.) 

250. (C) Collect the sulphide of arsenic upon a small 
filter (72), and wash it twice or thrice with water; pour 
over it a little warm solution of carbonate of ammonia, 
and observe that the sulphide of arsenic readily dissolves. 
Compare (239). 

251. (Cj Eepeat the experiment with ammonium sul- 
phide, which will dissolve it even more readily. 

252. (C) Dry the remainder of the sulphide of arsenic 
very carefully,* mix a little of it with black flux, or with 
dried carbonate of soda and a little charcoal (113), and 
heat it in a tube ; observe the formation of a metallic 
crust of arsenic, and identify it as in (246). 

253. A very excellent method of testing the sulphide of 
arsenic was proposed by Fresenius : it consists in reducing 
the sulphide to the metallic state by fusion with sodium 
carbonate and potassium cyanide, and carrying the 
vapour of the metal, by means of a gentle stream of car- 
bonic acid, into the narrow point of a glass tube, when 

* A hot brick is very serviceable for drying precipitates on filters, espe- 
cially where many students are working, since several bricks may always be 
kept upon the furnaces and carried to diflerent parts of the laboratory as 
they are wanted. When the quantity of sulphid*' of arsenic is too minute to 
be removed from the filter, it may be dissolved off in a few drops of ammonia, 
the solution evaporated nearly to dryness, and a few drops of concentrated 
nitric acid added: on continuing the evaporation to dryness, arsenic acid 
will be left, which will assume a red-brown colour when moistened with a 
drop of nitrate of silver, especially if a trace of very dilute ammonia be 
added. 
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the smallest quantity becomes visible. Fig. 63 will show 
the arrangement adopted for this purpose. The larger 



Fig. C3. 

flask contains fragments of marble covered with water, 
to which hydrochloric acid is added through the funnel 
tube for the purpose of evolving carbonic acid, which is 
dried by passing through oil of vitriol in the smaller flask. 
The sulphide of arsenic is mixed with about 1 2 parts of a 
mixture of 3 parts of sodium carbonate and 1 part of 
potassium cyanide (previously well dried) ; the mixture is 
introduced into the tube* at d by means of a paper gutter 







Fi^. 64. 


(note to 184), and the tube is then attached to the appa- 
ratus. As soon as all the air has been expelled, and the 
carbonic acid is passing through the oil of vitriol at the 
rate of about a bubble in a second, the mixture is 
thoroughly dried by gently heating the tube throughout 
its whole length with a spirit-lamp ; when no more 
moisture is visible, the shoulder is so heated that no 
arsenic may condense there, and is kept hot while a 
second spirit-lamp is employed to heat the mixture ; the 
heat may be ultimately increased by the blowpipe, if 
necessary ; the metallic arsenic condenses in the narrow 
part of the tube, at e, and any of the tests may be applied 
in order to complete its identification. 


The tube is made of stout German glass. 
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Antimony gives no deposit when its snlphide is treated 
in this manner. 

254. Ammonium sulphide, when added to a solution of 
arsenious acid, also causes the formation of the yellow 
sulphide, which, however, does not precipitate, but re- 
mains dissolved as ammonium sulpharsenite (]S’H 4 ) 3 A 8 S;j. 
If hydrochloric acid be added in excess to the mixture, the 
sulphide of arsenic is immediately precipitated, of a some- 
what lighter colour than that thrown down by hydro- 
sulphuric acid, owing to the admixture of a little sulphur 
derived from the ammonium sulphide. 

2(NH4);AsS3+6Hai=6NH4CH-3H,S+As2S3. 

255. Aynmou to -nitrate of s/Zyer* throws down, in solu- 
tion of arsenious acid, a canary-coloured precipitate of 
silver arsenite (Ag.jAsOy), which is soluble both in am- 
monia and nitric acid. Jt must be remembered that 
phosphate of soda also produces, with nitrate of silver, a 
similar precipitate, which is equally soluble in nitric acid 
and ammonia. 

A solution of arsenious acid in water gives no precipi- 
tate with nitrate of silver unless ammonia is added, but 
this must be done very carefully, as a very slight excess 
will redissolve the yellow precipitate. 

256. Ammoyiio-sulpluite of copperf produces in solution 
of arsenious acid a delicate green precipitate of arsenite 
of copper, which dissolves readily both in ammonia and 
nitric acid. It must be borne in mind, in employing this 
test, that a similar precipitate is produced when the 
solution of copper is added to liquids containing some 
vegetable substances, though no arsenic may be present. 

256a. Stanyious cMoi’lde (SnCio) gives a dark brown 
precipitate of As, when heat is applied. 

Marsh's Test 

257. (C) It is well known that when zinc is treated 
with dilute sulphuric acid, hydrogen gas is given off. If, 
in addition to the zinc and dilute sulphuric acid, either of 
the oxides of arsenic be present, the arsenic combines 
with some of the hydrogen, and forms a gaseous com- 

* Prepared by adding very dilute ammonia to nitrate of silver, drop by 
drop, till the precipitate at first produced is exactly redissolved. 

t j?repared in a similar manner, with sulphate or copper. 
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pound called arsenietted hydrogen, whicli passes off mixed 
with the excess of hydrogen * 

As203+Zn64-6H2S04=2AsH3+6ZnS04-h3H20. 

Now if this arsenietted hydrogen is heated strongly, 
either by burning in the air, or by passing through a red- 
hot tube, it is decomposed, and metallic arsenic is depo- 
sited in the solid state. 

258. Several forms of apparatus have been contrived for 
making use of this property in the detection of arsenic ; — 
of these the following is in practice the simplest : — The 
bottle a (fig. 65) should be capable of containing six or 

eight ounces of water, and is 
connected by means of a per- 
forated cork with the tubes h 
and c, the latter should be 
made of hard German glass, 
bent at a right angle, having 
the end e drawn off so as to 
diminish the aperture. A 
few fragments of zinc are 
placed in the bottle and co- 
vered with water ; and when 
the cork with its tubes is at- 
tached, pour a little dilute 
sulphuric acid down the tube 
5, which should reach nearly 
Fi^. G5. Marsh’s Test. to the bottom of the bottle, 
and allow the gas (hydrogen) 
to be given off for five minutes.f Then kindle the hydro- 
gen at the mouth of the tube, and depress a porcelain 
plate (the lid of a Berlin crucible) upon the flame for a 
second or two ; observe whether any brown stain is de- 
posited upon it. This precaution is necessary, since some 
kinds of sulphuric acid, and also of zinc, contain traces of 
arsenic.J If no stain is produced, it may be assumed 
that the materials are pure. 

* It must be borne in mind that this gas, like most of the other compounds 
of arsenic, is highly poisonous ; so that the experiment should never be per- 
formed in a close room, but in the open air or in a well-ventilated apartment. 

t The reason why it is not safe to apply the light at once, is, that a mixture 
of hydrogen and common air is highly explosive, so that it is necessary to 
allow time for the whole of the common air to be expelled by the hydrogen ; 
as otherwise serious injury might be caused by an explosion of the mixed 
gases. 

t Antimony is also occasionally found in zinc. 
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259. The solution containing (or suspected to contain) 
arsenic, is now introduced through the tube h. If arsenic 
is present in the liquid, it will cause the formation of 
arsenietted hydrogen, which will impart a livid hue to the 
flame of the hydrogen ; on depressing the porcelain plate 
again upon the flame, the metallic arsenic will be depo- 
sited in the form of a dark shining spot. By applying 
heat to the dark spots they are readily volatilized, and 
the fumes will be found to have the characteristic odour 
of garlic. 

A few of these spots should be retained for further exa- 
mination, and for comjiarison with those of antimony. 

260. A deposit of metallic arsenic may also be obtained 
by strongly heating the tube through which the gas is 
passing, at the point d (fig. 65), when a lustrous mirror 
will be formed, not exactly at the heated i^oint, but a 
quarter or half an inch beyond (in consequence of the 
volatility of arsenic). The portion of the tube which con- 
tains the deposit may be filed off and examined as directed 
at (246).* 

261. Marsh’s test, as just described, is so extremely de- 
licate, that it is capable of detecting arsenic in a solution 
containing the millionth of its weight of the acid, a,nd may 
be considered the most conclusive test which we ])Ossess. 
It is, however, liable to this objection, which is in practice 
easily overcome. It is found that antimony, when present 
in a mixture of zinc and dilute sulphuric acid, combines 
with the liberated hydrogen, precisely in the same waj^ 
as arsenic, forming an analogous compound, called anti- 
monietted hydrogen ; which, when heated, is decomposed, 
and the metallic antimony is at the same time deposited. 
Hence it is extremely important that we should be able 
to distinguish accurately between them, as otherwise we 
should not be sure whether the crusts produced by Marsh’s 
test were due to arsenic or antimony. One or two expe- 
riments are generally sufficient to enable us to do this. 

If the II be evolved in an alkaline solution, as by sodium-amnlefam in water, 
or by boiling* Zn with KHO, no SbHs is evolved, but only AeHg, t^ hich is 
easily recognised by the black stain produced on filter-paper moistened with 
AgNOa. 


* For details respecting the application of Marsh’s test in minute testing 
for toxicological purposes, the student is referred to Bowman's Medical 
Chemistry, or to (hiy's Forensic Medicine. 

G 2 
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262. For the purpose of comparison, empty the zinc 
and sulphuric acid from the bottle used for the arsenic 
experiments (258), wash it well, and substitute fresh zinc 
and acid. When the gas has been coming off about five 
minutes (note to 258), pour in a few drops of a solution 
of the double tartrate of antimony and potash (tartar- 
emetic), and apply heat as before at the point d. A crust 
of antimony will be deposited at the Ibeated point, and not, 
as in the case of arsenic, at a little distance from it : this 
is owing to the antimony being less volatile than arsenic, 
and it will be found impossible to volatilize it by the heat 
of a common spirit lamp. In this manner, therefore, we 
are enabled in some measure to judge whether the stain is 
due to antimony or arsenic. 

263. Light the jet of gas which issues from the aperture 
e as in (258), and hold over the flame a porcelain plate as 
before : a deposit of metallic antimony will be formed 
similar to that of arsenic, but blacker and less shining. 

Prepare a few of these spots for comparison with those 
of arsenic formed in (250). 

264. Apply the heat of a spirit-lamp to one of each 
kind of spot, and observe the superior volatility of the 
arsenic, and the garlic odour of its vapour. 

265. (C) Moisten one of each kind of sj^ot with yellow 
ammonium sulphide, on the end of a glass rod, and 
observe that the antimony is intmediately dissolved, while 
the arsenic remains nearly unaffected for a considerable 
length of time. This is a most valuable means of distin- 
guishing between them, and was first observed by Dr. Guy. 

266. (C) If the spots be moistened with a solution of 
chloride of lime {calcium hyp/ochlorite), the arsenic will 
dissolve, while the antimony will remain unaffected. 

Reinsclis Test, 

267. (C) This test is founded on the circumstance that 
when a metal, such as copper, is heated in a solution of 
another metal more electro-negative than itself, the latter 
is separated in the metallic state, and deposited on the 
surface of the former (as CugAsg), which is at the same 
time dissolved in equivalent proportion. A little of the 
solution containing arsenic is acidified with a few drops of 
hydrochloric acid, and boiled in a test-tube with three or 
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four strips of clean copper foil : the arsenic, being more 
electro-negative than the copper, is deposited on the sur- 
face of the foil, and the whole is in this way separated 
from the solution. 

As203-hCu3+6HCl=As2+3CuClo+3H20. 

268. The aj^pearance of a metallic deposit on the copper 
is not, however, necessarily a proof of the presence of 
arsenic, since other metals (as bismuth, silver, mercury, 
or antimony) would yjroduce a similar incrustation, being 
all more electro-negative than cop})er. Arsenic, however, 
is readily distinguished from any of those in the following 
manner : — 

269. Take the copper strips out of the solution, wash 
them with water, and dry them cautiously between folds 
of filtering paper; place them in a small tube sealed at 
one end {not a test4icbe),a>nd apply heat, when the arsenic 
will be volatilized, and, becoming oxidized by the air con- 
tained in the tube, will form a crystalline sublimate in the 
upper part (241). 

270. Had the deposit on the copper consisted of silver, 
it would not have been volatilized when heated : if it were 
mercury, minute globules of the metal would have con- 
densed in the cool part of the tube ; and had it been bis- 
muth or antimony, a higher degree of heat would have 
been necessary to sublime it ; the sublimate would have 
been white and amorphous instead of crystalline ; — and 
when treated with water, would prove insoluble, while the 
arsenious acid would dissolve, and the solution, on being 
tested, would show the presence of arsenic.* 

* If the arsenic be present in the state of nrsenie acid, the copper separates 
it with preater difficulty, and it is necessary to add a very larpe proportion of 
hydrocliloric acid. A preat obstacle to the use of tins simple and delicate 
test is the difficulty of obtaininp hydrochloric acid, and especially copper, 
perfectly free from arsenic. In testing these, a quantity of liydrochloric acid 
equal to that employed in testing: the suspected substance, should be diluted 
with four times its bulk of water, boiled in a small flask, and a small strip of 
the copper introduced ; if alter boilinp for 15 or 20 minutes, there is no 
deposit upon the copper, the hydrochloric acid may he considered sufficiently 
pure. Several of the strips of copper should be stronply heated in a small 
closed tube to prove that they will not afford crystals of arsenious acid. 

No oxidizing agent (such as nitric or chloric acid) must be present in the 
liquid to be tested, or the copper will be dissolved. Sec Bowmans Medical 
Chemistry. 
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i?. As Arsenic Acid (H3ASO4). 

271. Mix a little arsenious acid with nitre, and heat it 
in a small tube sealed at the end. The nitre gives up a 
portion of its oxygen to the arsenic, forming potassium 
arseniate. 

272. Dissolve the fused mass in water, and test it with 
nitrate of silver : a reddish-brown precipitate of arseniate 
of silver (Ag3As04) is thrown down, which is soluble in 
nitric acid, and also in ammonia. Compare (255). 

273. Arsenic acid, even when mixed with hydrochloric 
acid, is not precipitated by hydrosulphuric acid unless the 
solution is boiled, or allowed to stand for some time. Com- 
pare (24-8). 

274. For the detection of arsenic in organic mixtures, 
the student is referred to Bowman s Medical Chemistry. 


CHAPTER III. 

METALS BELONGING TO CLASS II. 

Aluminium, Chromium., Zinc, Manganese, Iron, 
NicJcel, and Cohalt. 

275. The metals of the second class are distinguished 
from those of the first class in not being precipitated when 
their solutions, containing a slight excess of acid, are 
treated with hydrosulphuric acid. 

SECTION I. 

Aluminium (Al). 


A solution of aluminium sulphate Al2( 804)3 alum 
KA1(S04)2 may be used. 


276. Salts of aluminium, when mixed with excess of 
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ammonium acetate, and boiled, yield a gelatinous pre- 
cipitate of basic aluminium acetate. 

277. (C) Ammonium sulphide gives a very transparent, 
gelatinous preci^ntate of aluminium hydrate, and hydro- 
sulphuric acid is at the same time liberated. 

A12(S0J3+3(NH4)2S+6H20=A12Hg06-+-3(NH4)2S04+3H2S. 

278. (C) Ammonia throws down a similar gelatinous 
precipitate, consisting chiefly of aluminium hydrate, with 
a small admixture of a basic salt of aluminium ; which is 
almost insoluble in an excess of ammonia. Compare 

279. Potash also gives a precipitate of aluminium 
hydrate, which, like that caused by ammonia, usually 
contains a little basic salt : it differs from it, however, in 
being entirely soluble in an excess of the precipitant. If 
the solution in potash be mixed with chloride of am- 
monium, the alumina is again precipitated, chloride of 
potassium being formed, and ammonia liberated. 

280. Phosphate of soda i^roduces a gelatinous precipitate 
of aluminium phosphate (AIPO 4 ) ; soluble in hydrochloric 
acid, and re precipitated by ammonia ; readily soluble in 
potash, and reprecipitated by acetic acid. 

SECTION IT. 

Chromium (Cr). 

A. As Oxide of Chromium {sesqui oxide of chromium or 

chromic oxide) CroO^ or some correspo7iding compound. 


A solution of chromium sulphate (or of chrome 

alum) may be used. 


281. (C) Ammonium sulphide throws down a greenish- 
blue precipitate of chromium hydrate (CroH^-Pp). 

282. (C) Armnonia also produces the same precipitate.* 

283. (fj) Potash also throws down the hydrate, which 
is soluble in a very slight excess, forming a green solu- 

* A small portion of this precipitate rcdissolves in an excess of ammonia, 
forming a pale pinkish solution, but is again precipitated when the mixture 
is boiled. 
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tion : if this solution be boiled for a minute or two, the 
oxide is precipitated. If too large an excess of potash be 
employed, the boiling must be continued for some time 
before the precipitate appears. 

284. (C) Oxide of chromium, when fused (on platinum 
foil) with nitrate of potash and a little carbonate of soda 
(the blowpipe flame being directed upon the under surface 
of the foil), yields a yellow mass. Here a portion of the 
oxygen of the nitrate combines with the oxide of chromium, 
converting it into chromic acid, which combines with the 
potash or soda, forming an alkaline chromate. If tlie 
mass be dissolved in water and acidulated with a little 
acetic acid, the solution will give with acetate of lead a 
bright yellow precipitate of chromate of lead.f 

Chromic oxide, boiled with cone. HNOg and KClOg, 
yields chromic acid, which may be detected by adding 
HHg in excess, acetic acid in excess, and lead acetate. 

[For another blowj)ipe test, see (125).] 

B. As Chromic Acid (CrOg). 

A solution of bichromate of potash (K20.2Cr03) may 
be used. 


285. (C) Hydrochloric and hydrosnlphuric arid added 
in succession, the latter in large quantity, change the red 
colour of the solution to green (chromic chloride CroClg), 
the solution becoming turbid from separation of sulphur, 
the hydrogen of the hydrosnlphuric acid having been 
oxidized. 2Cr Og -f 6HC1 -f SIHS = CroClp, + 6H2O + S3. 

286. Ammonium sulphide gives, on boiling, a greenish- 
grey precipitate, consisting of a mixture of chromic hy- 
drate and sulphur. 

287. (C) Chloride of harinm throws down a yellow pre- 
cipitate of chromate of barium, BaCr04, soluble in dilute 
hydrochloric acid, but insoluble in acetic acid. 

288. (C) Nitrate of silver produces a purple-red pre- 
cipitate of chromate of silver (AgoCrO^) soluble, though 
with some difficulty, in nitric acid. 

* It is advisable to boil the acetic solution before testing with acetate of 
lead, in order to decompose any nitrite of potash. 
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289. (C) Acetate of lead gives a yellow precipitate of 
clirome yellow (chromate of lead PbCr 04 ), insoluble in 
acetic acid. 


SECTION III. 

Zinc (Zn). 


A solution of sulphate of zinc (ZnS 04 ) may be used. 


290. HydrosnlphuHc add, when added to a solution of 
a neutral salt of zinc, causes the precipitation of a portion 
of it as sulphide; but if the solution be mixed with hydro- 
chloric acid, hydro sulphuric acid will produce no precipi- 
tate. ZnS 04 -hIL,S=HoS 04 +ZnS. 

291. Ammonmm sidiihldc gives a precipitate of sulphide 
of zinc, which, if the zinc salt be Y)ure, is white ;* but if, 
as is frecjuently the case, any iron is present, the precipi- 
tate will be more or less coloured, owing to the admixture 
of a little of the black sulphide of iron. 

292. (0) throws down a white gelatinous pre- 

ci^iitate of zinc hydrate (ZnlloOo), which is very readily 
soluble in excess. The presence of ammoniacal salts (chloride 
of ammonium, for example,) prevents the Y^recipitation. 
Compare (278). 

If the ammoniacal solution be treated with hydro- 
sulphuric acid, the white sulphide is thrown down. 

Ferrocya,nide of potassiimi added to the ammoniacal 
solution, gives a white precipitate of zinc ferrocyanide. 
(ZnoCy.Fe). 

293. (C) Potash behaves in the same manner as am- 
monia, giving a precipitate of zinc hydrate, soluble in 
excess. Hydrosul]diuric acid throws down the white sul- 
phide from the potash solution. 

294. Identification of metallic zinc . — Pour a little dilute 

* If the yellow ammonium sulphide be employed, of course any excess of 
this will impart a yellow appearance to the white precipitate suspended in 
the liquid. To identify a very small quantity of sulphide of zinc, collect it 
upon a filter, wash it, dissolve it in a very little hot nitric acid, add a trace of 
nitrate of cobalt (not enough to give a pink colour), then carbonate of soda 
in excess, boil for a minute or two, collect the precipitate of mixed carbonates 
of zinc and cobalt upon a filter, wash, and incinerate the filter on platinum 
foil. If zinc be present, the residue will be bright green after being strongly 
heated, especially when crushed with a glass rod. 
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nitric acid upon a very small piece of metallic zinc in a 
test-tube ; it dissolves with effervescence, even in the cold. 
Prove the presence of zinc in the solution by adding excess 
of ammonia and hydrosuJ^pliuric a,cid (292). 

[For the blowpipe tests, see (163, 164).] 


SECTION IV. 
Ma7iganese (Mn). 


A solution of sulphate of manganese (MnS 04 ) may be used. 


295. Hydrostdph'tmc acid, when added to an acidified 
solution (formed by adding a few drops of hydrochloric 
acid to a little of the solution), gives no precipitate. 

296 (0) Anini07iim)i snlphide gives a flesh-coloured pre- 
cipitate of sulphide of manganese (MnS). 

297. (C) Ammonia throws down a white precipitate of 
manganous hydrate, which if shaken with air becomes 
brown, owing to the formation of the sesquioxide. 

2 MnHXJ 2 + 0 =Mn 20 3 + 2 H 2 O . 

If chloride of ammonium is present in the solution, it 
prevents the precipitation of the hydrate ; owing to the 
formation of a double chloride of ammonium and man- 
ganese, which is not decomposed by ammonia. If the 
ammoniacal solution be exposed to the air, the brown 
sesquioxide is gradually precipitated. 

298. Foiasli behaves as ammonia in solutions of man- 
ganese. 

299. (C) Carl) 07 ta,tG of ammonia throws down a white 
precipitate of carbonate of manganese, which is less prone 
to blacken on exposure than the hydrated oxide. 

[For the blowpipe tests, see (137, 138).] 

* Sesquioxide of manganese, manganic acid, and permanganic acid, would 
not escape detection by ammonium sulphide, which would convert them, by 
reduction, into sulphide of manganese. Manganic acid would be known by 
the green colour of its solutions, which changes to the red of permanganic 
acid on adding a little nitric acid. The red solutions of permanganic acid 
are bleached instantaneously by hydrosulphuric acid. The solutions of ses- 
quioxide of manganese have a rose colour. Binoxide of manganese does not 
combine with acids, but evolves chlorine when heated with hydrochloric acid. 
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SECTION V. . 

Iron (Fe). 

A. As Protoxide {Ferrous oxide, FeO), or some corre^ 
s^umdiiKj com'pound. 


A solution of protosulpliate of iron (ferrous sulphate, 
FeSO^) may be used. 


300. On account of the strong tendency of ferrous 
oxide to absorb oxygen on exposure to the air, and become 
ferric oxide, especially in aqueous solutions of its salts, it 
is difficult to retain the ferrous salts in solution without 
some admixture of ferric salts ; so that in testing them, 
the indications of some of the reagents are frequently 
more or less different from those caused by a i)ure ferrous 
salt. 

301. Hydro sulphuric add produces no precipitate in 
acidified solutions of ferrous salts ; a slight precipitation 
of sulphide takes place, however, in neutral solutions of 
some of them, especially when the acid with which it is 
in combination is a feeble one. 

302. (C) Ammoniuyn snip hide, when added to neutral 
solutions of ferrous salts, throws down a black precipitate 
of ferrous sulphide (FeS). 

303. (0) Aiumonui gives a precipitate of ferrous hydrate, 
which is at first nearly white, but almost immediately 
becomes greenish. If this precipitate be exposed to the 
air, it absorbs oxygen, and is changed into ferric hy- 
drate (2Fe20y.3H20), which has a reddish-brown or rust 
colour. Chloride and some other salts of ammonium 
prevent the precipitation of ferrous oxide by ammonia, 
forming a solution of a double salt of ammonium and 
iron, from which ferric hydrate is gradually precipitated 
on exposure to the air. 

304. Nitric acid, on boiling, convei^ts ferrous salts into 
ferric salts, which give a rust-coloured precipitate with 
ammonia. 

6 FeS 04 + 8IINO3 = 2Fe2(SOj3 + Fe2(N03)6 + 2NO 

305. Potash behaves as ammonia. 
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306. (C) Ferrocyanide of potassium (K 4 FeCy(j) throws 
down in solutions of ferrous salts, a precipitate which is 
at first almost white, hut rapidly changes to pale blue ; 
the colour becomes darker on exposure to the air, owing 
to the absorption of oxygen, and formation of Prussian 
blue.* 

307. (C) Ferricyanide of potassium (K.^FeCy^J produces 
in solutions of ferrous salts a beautiful dark -blue precipi- 
tate, similar in appearance and in comi^osition to Prus- 
sian blue.f Compare (313). 

[For the blowpipe test, see (133).] 

B. As Feroxide of Iron (Ferric oxide, Fe 203 ), or some 
corresponding compound. 


A solution of the perchloride of iron (ferric chloride, 
FeoClg) may be used. 


308. Hydro sulphuric acid causes in neutral or acidified 
solutions of ferric salts, a precipitation of sulphur, which 
gives the solution a milky appearance. 

FeoCl,+H2S=2FeCl2+2H01 + S. 

309. (C) Ammonium sulphide separates the whole of 
the iron from solutions of ferric salts, as black sulphide. 
If the solution of iron is very dilute, no precipitate ap- 
pears at first, but the solution becomes green, and if 
allowed to stand a considerable time, the sulphide gra- 
dually separates. 

310. (C) Ammonia throws down the ferric hydrate 
(2Fe203.31l20), in the form of a bulky reddish-brown 
precipitate, which is insoluble in an excess of ammonia, 
and is unaffected by the presence of ammoniacal salts. 
Compare (303). 

311. (C) Potash produces the same precipitate, which 
is insoluble in excess. 

312. (C) Ferrocyanide of potassium produces in solu- 
tions of ferric salts a beautiful precipitate of soluble 
Prussian blue.J 


t 

X 


^ FeSO^ + K4(FeCy6) = K2SO4 + FeKafFeCvs). 
3FeK2(FeCye) + O = Fo3(FeCye5)2 + K4(FeCy6) + K^O. 

+ 2K3{FeCy6)2 = Fc3(FtiC,V0)2 + 

FejjClc + 2K4(FeCyo) = KjjFc3(FcCy6)2 + (iKCl. 
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This is an extremely delicate and characteristic test for 
the ferric salts, as the precipitate is produced even in very 
dilute solutions. In testing for iron with ferrocyanide of 
potassium, however, it must be borne in mind that when 
added to a solution containing much free acid, it is par- 
tially decomposed, and a little Prussian blue is formed, even 
when no iron is present.* As the presence of free alkalies 
also interferes with the formation of the blue precipitate, 
solutions to be tested with it should be either neutral or 
slightly acid. 

313. Ferricyanide of ])otassiuni produces no precipitate 
with ferric salts ; it gives, however, a deep red-brown 
colour to the solution.f Compare (307). 

314. (C) Aiiuiio^iiwm aeetnfe (prepared by adding acetic 
acid to ammonia till the solution is slightly acid) gives 
with ferric salts a red solution of ferric acetate. If this 
be diluted with ranch water and boiled, the whole of the 
iron is precipitated as a basic acetate. In this way iron 
may easily be separated from cobalt, nickel, manganese, 
and zinc. 

Since the presence of a large excess of acid hinders the 
precipitation, it is advisable to nearly neutralize very acid 
solutions with carbonate of ammonia before adding the 
acetate of ammonia. 

315. Identification of metallic iron . — Pour some dilute 
nitric acid upon two or three iron filings ; accelerate the 
solution by heat, and prove the presence of ferric nitrate 
by testing with ammonia (310). 

SECTION VI. 

Niclcel m). 


A solution of the sulphate of nickel (NiS 04 ) may be used. 


316. Hydrosulphuric acid causes no precipitate in 

* This applies espeeiully to mineral acids ; in testing such solutions it is 
advisable that the addition of the ferrocyanide be preceded by that of acetate 
of ammonium, so that the mineral acid may be neutralized, and acetic acid 
liberated in its stead. 

t Ferricyanide of potassium, which contains a little ferrocyanide (as is often 
the case with that which has been lon^^ kept in solution in the laboratory) 
gives a green instead of a brown colour with ferric salts. 
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acidified solutions of nickel ; but if the solution is neutral, 
especially if the acid of the salt be a feeble one, a partial 
precipitation of sulphide of nickel takes place. 

317. Ammonium sulphide (NiS) throws down, from 
neutral solutions, a black precipitate of sulphide of nickel 
which is slightly soluble in excess,* giving a brownish tint 
to the solution. Sulphide of nickel is sparingly soluble in 
dilute hydrochloric acid, but dissolves immediately on 
addition of nitric acid. 

318. (C) Am'monia causes a pale green precipitate of 
nickel hydrate, which redissolves very easily, with a blue 
colour, when the ammonia is added in excess, owing to 
the formation of an ammoniated salt of nickel. If pot^ash 
be added to the ammoniacal solution, it precipitates the 
nickel hydrate. The presence of ammoniacal salts in the 
nickel solution prevents the precipitation by ammonia. 

319. (C) Potash also throws down the green nickel 
hydrate, which is insoluble in an excess of j^otash. 

320. Carhouate of ammonui 2:>roduces a precijutate of 
carbonate of nickel, which redissolves in excess to a blue 
liquid. 

321. Cyanide of potassium throws down a precq^itate 
of cyanide of nickel (NiCyo), which has a yellowish-green 
colour : it redissolves in an excess of the alkaline cyanide, 
forming a dull yellow solution of the double cyanide of 
nickel and potassium (KoNiCy^), from which the cyanide 
of nickel is again precijutated on the addition of dilute 
hydrochloric acid. If the jDrecipitate be boiled with 
potash, it is converted into oxide of nickel, cyanide of 
potassium being formed. 

KoNiCy4 +2KHO=NiO -h IKCy +HoO. 

322. Ferri cyanide of jpotassium produces a greenish- 
yellow precipitate of ferricyanide of nickel. Compare 
(329). 

[For the blowpipe test, see (142).] 

That is, in excess of the ordinary yellow sulphide; the colourless freshly 
prepared sulphide does not dissolve it. 



COBALT. 


95 


SECTION VII. 

Cohalt (Co). 


A solution of nitrate of cobalt, Co(NOy) 2 , may be used. 


323. Hydrosidpliuric acid j^ives in acidified solutions 
no precipitate. If the solution is neutral, a slight preci- 
pitation of the black sulphide of cobalt takes place. 

324. (C) Ammonlwtu sulphide throws down from neu- 
tral solutions a black precipitate of the sulj^hide of cobalt 
(CoS), which is insoluble in hydrochloric acid, but dis- 
solves in nitric acid.* 

325. (C) Fotasli throws down a preciintatc of a blue 
colour, consisting of a basic salt of cobalt, which becomes 
dirty red on boiling, owing to the formation of cobalt 
hydrate. The precipitate is insoluble in excess of potash. 
Compare (319). 

326. (C) Ammonia behaves as potash, but the precipi- 
tate readily redissolves in an excess, forming double salts 
of cobalt and ammonium, which are soluble in water. If 
the red ammoniacal solution is exposed to the air, it gra- 
dually becomes darker, owing to the absorption of oxygen, 
and formation of peroxide of cobalt. 

327. Carbonate of ammonia gives a precipitate of car- 
bonate of cobalt (CoCO;{), which readily dissolves in excess 
of the precipitant, yielding a red solution. 

328. (C) Cyanide of potassium, when added to a solu- 
tion of cobalt, gives a pale brown precipitate of cyanide 
of cobalt (CoCyo), which when heated with an excess of 
cyanide of potassium, readily redissolves, forming cobalti- 
evanide of potassium (KgCoCy,,). The addition of hydro- 
chloric acid causes no precipitate in this solution, thus 
distinguishing cobalt from nickel.t Compare (321). 

329. Ferricyanide of potassium gives a purple-brown 
precipitate, or in very dilute solutions, a brown colour. 

* Sulphide of cobalt is not so easily dissolved by an excess of yellow sulphide 
of ammonium as sulphide of nickel is. 

t In order to insure the complete conversion of the cobalt into cobalti- 
cyanide of potassium the solution should ’be boiled for a minute or two 
2CoCy2+8KCy + 0=2K3(CoCy6) +K 2 O. 
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330. If iron be present in combination with cyanogen, 
forming a ferrocyanide or ferricyanide, it may escape 
detection by the ordinary tests, unless the cyanogen be 
decomposed by ignition or otherwise. The addition of 
protosulphate or perchloride of iron would at once indi- 
cate the presence of ferro- or ferricyanogen (306, 307, 
312, 313). 

[For the blowpipe test, see (127)-] 

Remarlcs on the Seimraiion of the Metals of Class IL 

331. It will be seen, in Table X., that the metals of this 
class are separated in two subdivisions, of which one is 
precipitated by XH 3 in the presence of XH 4 CI, and com- 
prises Al, Or, and Fe, whilst the second, containing Zn, 
Mn, Xi, and Co, is precipitated subsequently by (X 114 ) 28 . 
Some complication results from the circumstance that 
when Fe is present in large proportion, the ferric hydrate 
precipitated by XH 3 may possibly carry down with it all 
the Mn,' Xi, and Co. Moreover, when Or is present in 
large proportion it materially alters the behaviour of Fe. 
On these accounts the tables for the separation of the 
members of this class, which have to provide for the con- 
tingency of all the metals being present at the same time, 
involve many operations. 


CHAPTEE lY. 

METALS BELONGING TO CLASS 111. 

Barium f Strontium, Calcium, and Magnesium. 

332. These metals are distinguished from the preceding 
by not being precipitated from their solutions by hydro- 
sulphuric acid or hydrosulphate of ammonia. 

SECTION I. 

Barium (Ba). 

333. (C) A solution of chloride of barium (BaCy may 
be used. Carbonate of ammonia gives a white precipitate 
of barium carbonate. 

BaCl2+(XH4)2C03=2XH4Cl+BaC03. 
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Tlie precipitate will be easily dissolved on adding dilute 
hydrocnloric acid. BaC03+2HCl=BaCl2+H20+C02. 

334. Dilute sul'phuric acid produces in solutions con- 
taining barium, even though they be very dilute, a copious 
white precipitate of barium sulphate. 

BaCl 2 +H 2 S 04 =BaS 04 + 2 HCl. 

This precipitate is insoluble in acids. 

335. (C) Solution of sulphate of lime (CaS04)* causes 
an immediate precipitate of barium sulphate. This is 
the most convenient mode of applying a very dilute 
solution of a sulphate, since sulphate of lime requires 
about 500 times its weight of water to dissolve it. Com- 
pare (339). 

336. (C) Hydro fluosilidc acid (2IIP.SiF4) causes a 
white highly crystalline precipitate of silicofluoride of 
barium, insoluble in dilute acids. 

BaClo +2HF. 8iF4=BaF2. SiF4 +2HC1. 

336a. Potassium chromate or dichromate will produce 
a yellow precipitate of barium chromate (BaCr04), inso- 
luble in acetic acid. This is taken advantage of in distin- 
guishing and separating barium from strontium and 
calcium. 

[For the blowpipe test for barium, see (114).] 


SECTION II. 
Strontium (Sr). 


A solution of strontium nitrate (Sr(N03)2) maybe used. 


337. (C) Carhonate of ammonia acts as with solutions 
of barium (333), carbonate of strontium (SrCOg) being 
produced. 

338. Sulphuric acid produces a white precipitate of 
strontium sulphate immediately, if the solution is not 
very dilute, and after standing a short time if it is so. 

339. (C) Solution of sulphate of lime gives no imme- 
diate precipitate in solutions of strontium, but if allowed 
to stand, strontium sulphate gradually separates. Heat 

* Calcium sulphate and sulphate of lime are identical. 
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hastens the precipitation. Strontium may thus be dis- 
tinguished from barium (336). 

[For the blowpipe test, see (155).] 


SECTION m. 
Calcium (Ca). 


A solution of calcium chloride (CaCl^) may be used. 


340. (0) Carbonate of ammonia produces a white pre- 
cipitate of carbonate of lime (CaCOg), which becomes far 
less voluminous on Ideating the solution; it dissolves very 
readily in hydrochloric acid. 

341. Sulphuric acid, when added to concentrated solu- 
tions containing calcium, gives an immediate white pre- 
cipitate of calcium sulphate (CaS 04 ). 

If the solution is not concentrated, the precipitate may 
not appear at once, but will gradually separate in the form 
of minute crystals ; and if the solution is very dilute, no 
precipitation will take place, because the sulphate, being 
soluble in about 500 times its weight of water, remains 
dissolved if sufficient water is present. 

342. (0) After having thrown down the calcium sul- 
phate, pour the mixture on a filter, and test the filtered 
solution with ammonia and oxalaie of ammonia (343) ; 
sufficient of the sulphate will have been retained in 
solution to give a very perceptible precipitate with the 
oxalate. 

343. (C) Oxalate of ammonia (]S’H 4 ) 2 C 204 , is an ex- 
tremely delicate test for lime, though it does not serve to 
distinguish ii) from baryta and strontia, which are also 
precipitated by it. When added to a solution containing 
it even in a highly diluted state, a copious white precipi- 
tate of oxalate of lime (CaCaO^) is produced. 

It is necessary that the solution should contain no excess 
of acid, as the oxalate of lime is soluble in acid solutions ; 
acetic acid, however, does not dissolve it. 

[For the blowpipe test, see (118).] 
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SECTION IV. 

Magnesium (Mg). 


A solution of magnesium sulphate (MgSOJ may be used. 


344. Ammonia, when added to a neutral solution of 
magnesium, separates a portion of it in the form of 
magnesium hydrate (MgH 202 ), which appears as a bulky 
white precipitate. 

2MgS04+2NH3+2H20=MgH202+(N;H4)2Mg(S04)2. 

The rest of the magnesium remains in solution as a 
soluble double salt of ammonium and magnesium. 

345. When chloride of ammonium has been added to a 
solution containing magnesium, ammonia no longer pro- 
duces any precipitate, since the magnesium hydrate is 
soluble in chloride of ammonium. 

346. (0) Ca^rhonate of ammonia gives no precipitate 
unless the solution is boiled. The previous addition of 
chloride of ammonium entirely prevents the precipitation. 

347. Phosphate of soda (Na 2 HP 04 ) gives a white pre- 
cipitate of phosphate of magnesia (MgHP 04 ), provided 
the solution is not very dilute, and especially on boiling. 

348. (C) The addition of chloride of ammonium and 
ammonia to the magnesian solution, renders the phos- 
phate of soda a far more delicate test than when used 
alone, because under those circumstances the double 
phosphate of ammonia and magnesia is produced, which 
IS less soluble than the phosphate of magnesia, and is 
consequently thrown down from a more dilute solution 
than would furnish a precipitate with phosphate of soda 
alone. If the solution is very dilute, the precipitate does 
not appear at once, but if allowed to stand some little 
time, a crystalline deposit of the double phosphate gra- 
dually separates. Agitation of the liquid with a glass rod 
hastens the formation of this precipitate ; and it is re- 
markable that if the tube be rubbed at all with the rod 
during agitation, lines of minute crystals are there first 
deposited. 

MgS04+Na2HP04+NH3=Na2S04+Mg(ITH4)P04. 

H 2 
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As the double phosphate is readily soluble in an excess 
of acid, and slightly so in water, it is necessary that the 
solution should be pretty strongly ammoniacal. 

It will be observed that in this test, the effect of ammo- 
niacal salts in the solution is the reverse of that before 
described (345). When mixed with ammoniacal salts, in- 
deed, magnesium can be precipitated only by a soluble 
phosphate. 

Salts of barium, strontium, and calcium being also 
precipitated by phosphate of soda, this test cannot be 
relied on, unless the absence of those metals has been 
ascertained. 

349. Baryta water (BaH202) (or lime water) throws 
down a white precipitate of magnesium hydrate. If the 
sulphate of magnesia be used, the insoluble sulphate of 
baryta will be thrown down at the same time. 


CHAPTEE V. 

METALS BELONGING TO CLASS IV. 

Potassium, Sodium, and Ammonium, 

350. The three metals belonging to this class are chiefly 
characterized by the solubility in water of most of their 
compounds, and the consequent difficulty of obtaining 
them in an insoluble form, and of separating them from 
one another in the shape of precipitates. 

351. They are distinguished from all other metals by 
producing no precipitate when tested with either of the 
three classifying tests — viz., hydrosulphuric acid, hydro- 
sulphate of ammonia, and carbonate of ammonia, their 
sulphides and carbonates being all soluble in water. 

352. Solutions of the oxides of these metals (alkalies), 
and of their carbonates, are alkaline to test paper, turning 
reddened litmus blue, and turmeric brown. 

SECTION I. 

Potassium (K). 

353. Evaporate a drop of the solution of a compound of 
potassium (chloride of potassium or nitrate of potash, for 
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example) iipon a slip of thin glass or of platinum foil, and 
observe that the dry residue is fixed — that is, will not 
volatilize upon the continued application of heat. 

354. (C) Place a drop of the solution (e.g., potassium 
nitrate), with a glass rod, upon a piece of glass, add 
a drop of hydrocMoric acid, and another of platinic 
chloride (PtCl 4 ). Stir them well together with the rod, 
and observe the formation of a yellow crystalline pre- 
cipitate of the double chloride of platinum and potassium 
( 2 KCl.PtCl 4 ) especially upon the lines where the glass 
has been rubbed with the rod. 

If the solution of potassium be very dilute, a conside- 
rable time may be required for the production of this 
precipitate. 

355. Eepeat this experiment with iodide of potassium ; 
notice the red colour due to platinic iodide, and the delay 
in the appearance of the precipitate. 

356. (C) Test a drop of the solution of potassium ni- 
trate upon a piece of glass, with a strong solution of 
tartaric acid (H 2 C 4 H 40 (.). On stirring briskly, a very 
crystalline white precipitate of bitartrate of potash will 
be formed, especially upon the lines of friction. 

K]Sr03+H2C4H406=HN0,+KHC4H406. 

A drop of hydrochloric acid will redissolve it, so that this 
test can only be depended on when the original solution 
is neutral or alkaline. Before testing an acid solution with 
tartaric acid, it should be neutralized with carbonate of 
soda, but the tartaric acid must always be added in 
excess. 

[The blowpipe test will be found at (149).] 


SECTION II. 

Sodium (Na). 

357. Evaporate a drop of a solution containing sodium 
(e.g., sulphate of soda) upon glass or platinum ; the dry 
residue will not volatilize when heated. 

358. (C) Test a drop of the solution on a piece of glass 
with antimoniate of potash * On stirring briskly, a white 

* The bimetantimoniate of potash of Fr^my, (K2HjjSbg07), which produces, 
in a solution containing sodium, a precipitate of sodium bimetantimoniate 

(NagHjSbA). 
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crystalline precipitate of antimoniate of soda will be de- 
posited, especially upon the lines of friction. 

Test a drop of any dilute acid (as hydrochloric) with 
antimoniate of potasn, and observe that it gives an amor- 
phous precipitate of hydrated antimonic acid, showing 
that an acid solution must not be tested for soda until it 
has been neutralized with potash or carbonate of potash. 

[The blowpipe test for sodium will be found at (154).] 

SECTION III. 

Ammonium (NH 4 ).* 

359. (C) Evaporate a drop of solution of chloride of 
ammonium upon a piece of glass or of platinum foil, and 
continue to heat the dry residue ; it will entirely volatilize. 
(Compare 353, 357.) 

360. (C) Boil some solution of chloride of ammonium 
in a test-tube ; observe that no smell of ammonia is per- 
ceived, but add a little lootash, and the liberated ammonia 
will at once be recognised by its odour and by its restoring 
the blue colour to red litmus paper, which should only be 
exposed to the vapour, and not allowed to touch the tube. 

NH4C1+KHO=NH3+K01+H20. 

361. Test a drop of solution of chloride of ammonium 
upon a slip of glass with platinic chloride, which will 
produce a precipitate of the double chloride of platinum 
and ammonium ( 2 NH 4 Cl.PtCl 4 ) very similar to that ob- 
tained with a compound of potassium (354). 

362. Mix a little solution of carbonate of ammoniaf 
with tartaric acid upon a piece of glass ; observe how 
easily the precipitate of bitartrate of ammonia might be 
mistaken for bitartrate of potash (356). 

363. {Nessler's test). To a solution of mercuric chloride, 
add iodide of potassium until the red precipitate first 
formed is just dissolved ; then add excess of potash. The 
solution thus prepared, when added to a liquid containing 
even a very minute quantity of ammonia or of one of its 
salts, will give a rich brown precipitate composed of 
mercury, iodine, and nitrogen. (NHgal.HgO ?). 

* It will be remembered that this metal is not known in the nnoombined 
state. 

t If chloride of ammonium were employed it would be diflScult to obtain a 
precipitate, since it is very readily soluble in the hydrochloric acid liberated 
by the decomposition. 
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• CHAPTER YI. 

non-m:etallic bodies. 

SECTION I. 

Nitrogen. 

364. The most frequent forms of combination in which 
this element is met with are ammonia and its salts, nitric 
acid and the nitrates, cyanogen (CN) and its compounds, 
and nitrogenized organic substances which contain, beside 
nitrogen, carbon, hydrogen, and sometimes oxygen and 
sulphur. A method of recognising nitrogen in this last 
form has been given at (145), and the tests for ammonia 
have been already described in the section on ammonium, 
the recognition of cyanogen will be treated of hereafter. 
It remains to be seen how nitrogen is recognised when in 
the form of nitric acid or a nitrate. 

Nitric Acid. 

365. Heat a little powdered nitrate of potash (KNO3) 
or some other nitrate, with concentrated sulphuric acid ; 
vapours of nitric acid are evolved, mingled usually with 
red-brown vapours of nitric peroxide (84). 

2HN03=H20+2]S[02+0. 

366. (C) Mix some solution of nitrate of potash with 
about an equal volume of concentrated sulphuric acid, add 
a few copper filings, and apply heat ; red-brown vapours 
are produced, which are seen to the greatest advantage by 
looking down the tube. In this experiment, the nitric 
acid, which is set free by the sulphunc acid, is deoxidized 
by the copper, being converted into nitric oxide, which 
absorbs oxygen when it issues into the air, forming red 
fumes of nitric peroxide (22). 

367. (0)^ Shake a small crystal of protosulphate of iron 
with solution of nitrate of potash for a few seconds, 
without waiting till it is entirely dissolved, and pour con- 
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centrated sulphuric o,cid very carefully down the side of 
the tube (slightly inclined), so that it may form a distinct 
layer at the bottom ; a brown or pink band will appear 
where the two layers of liquid are in contact. If the 
quantity of nitric acid present be very minute, several 
minutes may elapse before the reaction is perceptible. 
The brown compound (4FeSO4.NO) is formed by the 
union of ferrous sulphate with nitric oxide, the rest of the 
oxygen of the nitric acid having combined with another 
portion of the ferrous sulphate to convert it into ferric 
sulphate.* 

If the tube be shaken or heated, the brown compound 
is decomposed, and the colour disappears. 

[For the blowpipe tests see (143, 144).] 


SECTION II. 

Sulphur, 

368. Sulphur is most frequently met with in the form 
of sulphuric acid or a sulphate ; much less frequently as 
sulphurous acid or a sulphite, or as a hyposulphite (a salt 
of hypos ulphurous acid). It also commonly occurs as 
hydrosulphuric acid or sulphuretted hydrogen, and as a 
sulphide (a combination of sulphur with a metal). 


Sulphuric Acid, 

369. Mix a few drops of strong sulphuric acid (oil of 
vitriol) with about an equal quantity of water, in a test- 
tube, and observe the heat evolved. Dilute the mixture 
with three or four volumes of water, place a drop upon a 
piece of filter paper, and dry it without scorching the 
paper ; observe the carbonization of that part of the paper 
which was moistened with the acid. 

370. (C) Test a solution of sulphate of soda, or some 
other sulphate, with chloride of barium ; a heavy white 
precipitate of sulphate of baryta is obtained, which is 
insoluble in dilute hydrochloric acid. 

Na2S04 -f BaCl2=BaS O4 +2NaCl. 

[For the blowpipe test, see (158).] 

* 2KNO3 + 6FeS04 + = KjSO^ + SFejlSOJ, + 4H80 + 2NO. 
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Sulphurous Acid. 

371. (0) Heat a little sulpliite of Boda with dilute hydro- 
chloric acid ; sulphurous acid will be disengaged, and may 
be recognised by its odour of burning sulphur, 

Na 2 !S 05 + 2 HCl=H 20 + S02+2NaCl. 

372. (C) Acidulate a solution of sulphite of soda 
strongly with hydrochloric acid, and introduce a fragment 
of zinc ; sulphuretted hydrogen will be evolved, and may 
be known by its odour, and by its action upon paper 
moistened with acetate of lead (378). 

Na2S03-h8HCl+Zn3=H2S-f2NaCl-h3ZnCl2+3H20. 

373. Chloride of harium and chloride of calcium pro- 
duce in the solution of a sulphite {e.g., sulphite of soda) 
white precipitates (BaSO^ and CaSOg) which are soluble 
in dilute hydrochloric acid.^ 

374. Nitrate of silver produces a white precipitate of 
sulphite of silver (Ag2S03), which becomes reduced to the 
metallic state when heated in the liquid, sulphuric acid 
being produced. Ag2S03-f-H20=Ag2+H2S04. 

Hypo sulphurous Acid, 

375. (C) Add a little hydrochloric acid to solution of 
hyposulphite of soda ; after a short time the solution 
becomes milky, from separation of sulphur, and evolves 
the odour of sulphurous acid. The change is accelerated 
by heat. ]Sra2S203+2HCl=2NaCl-f H2O + SO2+S. 

376. Prepare a little chloride of silver by precipitating 
nitrate of silver with chloride of sodium, wash it by de- 
cantation, and shake it with solution of hyposulphite of 
soda, which will readily dissolve it, producing a very 
sweet solution. AgCl-f Na2S203=KaCl+NaAgS203. 

3766ft. (C) N^itrate of silver produces, with a solution of 
hyposulphite of soda, a precipitate which is at first white 
(%posulphite of silver), but rapidly passes through yellow 
and brown, finally becoming black (sulphide of silver). 

* Since commercial sulphites nearly always contain sulphates, the pre- 
cipitate will seldom be found to dissolve entirely. 
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Hydrosulphuric Acid and Metallic Sulphides, 

377. (C) Acetate of lead gives, with solution of hydro- 
snlphuric acid or a sulphide, a black precipitate of sul- 
phide of lead. 

Pb(C2Ha02)2+H2S=PbS +2HC2H3O2. 

378. (C). Pour a little dilute hydrochloric acid upon a 
small fr^ment of sulphide of iron in a test-tube ; hydro- 
sulphuric acid is evolved, which may be known by its 
odour, and if a piece of filter paper moistened with solu- 
tion of acetate of lead be held at the mouth of the tube, 
it will be coated with a black shining deposit of sulphide 
of lead. reS-f2HCl=H2S-fFeCl2. 

379. Add a little dilute hydrochloric acid to a drop or 
two of yellow ammonium sulphide, hydrosulphuric acid is 
given off, and the liquid becomes milky from the separa- 
tion of sulphur. 

When ammonium sulphide is first prepared, it is 
colourless, but is gradually decomj:)osed by the atmo- 
spheric oxygen, which combines with its hydrogen to form 
water, leaving ammonium disulphide, which has a yellow 
colour, and is precipitated on adding an acid.* 

380. Boil a little sulphide of iron with concentrated 
nitric acid ; the metal is oxidized and dissolved, whilst the 
sulphur separates in grey flakes, which rise to the sur- 
face of the liquid, and eventually fuse into yellow glo- 
bules. Dilute the solution with water, filter it, and test 
with chloride of barium for the sulphuric acid which 
has been formed by the oxidation of a portion of the 
sulphur.f 

[Por the blowpipe test, see (157).] 

2(NH4)gS + 0 = (NHJjjSjj + 2NH3 + H*0. 

(NHJjSjj + 2HC1 = 2NH4CI + HgS + S. 

t Very minute quantities of the alkaline sulphides may be detected by 
nitropptsside qfsodiunif which produces a fine purple colouration. Sulphur in 
organic substances {e.ff., in hair) may be detected by this test if the substance 
be fused with carbonate of soda on platinum wire in the reducing flame of 
the blowpipe, and the sulphide of sodium thus produced be dissolved in 
water. Sulphates might be detected in the same way by.fusing them with 
carbonate of soda and charcoal. # 
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SECTION m. 

Phosphorus. 

381. This element is generally met with in the form of 
tribasic phosphoric acid or a tribasic phosphate. 

Trihasic Phosphoric Acid {Orthophosphoric, H3PO4). 


A solution of common phosphate of soda (NagHPOJ 
may be used. 


382. (C) Mix a little solution of sulphate of magnesia 
with chloride of ammonium and ammonia (345), and add 
the mixture to a solution of phosphate of soda ; a white 
crystalline precipitate of phosphate of magnesia and am- 
monia (348) will be produced. If the solution be dilute, 
the precipitate is formed only after standing; its de- 
position is promoted by rubbing the side of the tube 
with a glass rod. (Arsenic acid gives a similar reac- 
tion.)* 

^ 383. (C) Perchloride of iron gives a nearly white pre- 
cipitate of phosphate of iron (ferric phosphate) which is 
insoluble in acetic acid, but dissolves readily in hydro- 
chloric acid. 

2Na2HP04+Fe2Cl6=2FeP04+4NaCl+2HCl. 

(Arsenic acid gives a similar reaction, but ferric ar- 
seniate, after washing, dissolves in ammonia, while ferric 
phosphate is decomposed and becomes brown.) 

384. (C) Dissolve a very little bone-ash (phosphate of 
lime, Ca 3 (P 04 ) 2 ) in as little dilute hydrochloric acid as pos- 
sible, add a little perchloride of iron, and some acetate of 
potash or acetate of ammonia (prepared by mixing 
ammonia with acetic acid to acid reaction) ; collect the 
precipitated phosphate of iron upon a filter, wash it, dis- 
solve off the filter with a little warm dilute hydrochloric 
acid, mix the solution with excess of ammonia and hydro- 

* Bat the arseniate of magnesia and ammonia, when washed and treated 
with nitrate of silver, becomes red-brown, whilst the phosphate becomes 
yellow. 
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Bulphat-e of ammonia, boil, filter off tbe black sulphide 
of iron, and test the solution for phosphoric acid as in 
(382). 

385. Chloride of barium produces in a solution of phos- 
phate of soda a white precipitate of phosphate of baryta 
(BaHP 04 ) which is soluble in dilute hydrochloric acid. 
Compare (370). 

386. Chloride of calcium gives a white precipitate of 
phosphate of lime (CaHP 04 ), which readily dissolves in 
acetic acid (424) ; the solution gives a white precipitate 
with perchloride of iron, which must be added in very 
small quantity. 

387. (C) Nitrate of silver gives a yellow precipitate of 
tribasic phosphate of silver, which is soluble both in am- 
monia and nitric acid. (Arsenic acid gives a brown pre- 
cipitate.) 

388. (C) Dissolve a very little bone-ash (phosphate of 
lime) in dilute nitric acid, and add excess of molybdate of 
ammonia (NH 4 HM 0 O 4 ). The solution becomes yellow, 
and when heated deposits a yellow precipitate containing 
phosphoric acid, molybdic acid and ammonia.* (Arsenic 
acid gives a somewhat similar reaction, but only on boil- 
ing the liquid.) 

389. Heat a crystal of common phosphate of soda to 
redness on platinum foil or wire ; dissolve it in water, and 
test with nitrate of silver. Instead of the yellow ortho- 
phosphate, it will give a white granular precipitate of the 
pyrophosphate (Ag 4 P 20 -) corresponding to the pyrophos- 
phate of sodium (Na 4 P 207 ) into which the common phos- 
phate has been converted by the action of heat. 

2Na2HP04=Ha4P207+H20. 

[For the blowpipe test, see (148).] 

♦ This is by far the readiest test for phosphoric acid in combination with 
the earths or alkaline earths. It is necessary, however, that they should be 
^ssolved in nitric acid, since hydrochloric acid hinders the formation of the 
yellow precipitate ; and the temperature should not be raised above 100° P., 
lest arsenic acid be precipitated. The molybdate of ammonia must be added 
in large proportion relatively to the phosphoric acid present, A yellow colour 
onlv is not a proof of the presenoe of phosphoric acid. Silicic acid gives a 
yellow colour on beating. 
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SECTION IV. 

Chlorine, 

390. The most frequently occurring forms of combina- 
tion of chlorine are hydrochloric acid, and the chlorides 
formed by the union of chlorine with a metal. It is also 
occasionally met with in combination with oxygen, as 
chloric acid and the chlorates, or hypochlorous acid and 
the hypochlorites. 

[Hydrochloric acid and metallic chlorides. 

391. (C) Add nitrate of silver to a solution of chloride 
of sodium, or any other chloride; a white curdy precipi- 
tate of chloride of silver will separate, unless the solu- 
tion be extremely dilute, when a milkiness only would be 
perceived. 

Pour a part of the liquid containing the precipitate into 
another tube, and test the remainder with nitric acid, 
which will not dissolve it, although it may cause it to 
shrink together and undergo an apparent diminution. 

Shake the other portion with ammonia, which will 
immediately dissolve it ; on adding nitric acid to the 
ammoniacal solution, the chloride of silver is again pre- 
cipitated. 

392. (C) Pour a little concentrated sulphuric acid upon 
solid chloride of sodium ; it froths and evolves hydrochloric 
acid, which may be known by its odour, and by the grey 
fumes which it produces in moist air^ 

393 (C) Heat a little solid chloride of sodium, or other 
chloride to be tested, with dilute sulphuric acid and h inoxide 
of vianganese ; chlorine is evolved, and may be recognised 
by its odour, and by its property of bleaching moistened 
test-papers. 

2NaCi+Mn0o+2H2S04=ISra2S04+MnS04+2H20+Cl2. 

Chloric Acid. 

394. (C) Place a small fragment of chlorate of potash 
(KClOa) in a test-tube, and pour upon it a few drops of 

, * A bromide would yield brown vapour of bromine, having an extremely 
irritating odour. 
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strong snlphnric acid ; the chlorate is decomposed, 
yielding perchloric acid and chloric peroxide, which gives 
the mixture a red or yellow colour, and escapes in the form 
of a greenish-yellow gas of very peculiar odour. 

3KC103+3H2S04=3KHS04+HC104+2C102+H20. 

On applying a gentle heat to the mixture, sharp de- 
tonations are often perceived, arising from the decompo- 
sition of the peroxide of chlorine into its elements. If 
any chloride be present in the chlorate, the detonations 
often take place in the cold, in consequence of the mutual 
decomposition between the hydrochloric and chloric acids 
which are then evolved. 

395. (C) Heat a little of the chlorate in a small sealed 
tube, not a test-tube ; it is decomposed, and if the heat be 
continued lon^ enough, the whole of the oxygen is given 
off, chloride ot potassium being left (44). The disengage- 
ment of oxygen may be proved by introducing into the 
tube a match with a spark at the end. 

Dissolve the residue out of the tube with water, and 
test the solution with nitrate of silver, which will 
give a precipitate of chloride of silver, insoluble in nitric 
acid. 

395a. Add to the solution of chlorate of potash some 
nitrate of silver, to be sure that it contains no chloride. 
To another portion, add two or three drops of dilute sul- 
phuric acid, and a piece of zinc ; the hydrogen then pro- 
duced will convert the chloric acid into hydrochloric acid, 
which may be detected, after a minute or two, with nitrate 
of silver (391). Heat hastens the conversion. 

[For the blowpipe tests, see (121, 123).] 


HypocJilorous Acid, 


Solution of chloride of lime (hypochlorite of lime Ca(C10)2 
with chloride of calcium and free lime) may be used. 


396. (C). Solutions of the hypochlorites bleach indigo, 
litmus, and many other organic colouring matters very 
readily, when mixed with a little dilute sulphuric acid. 
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whicli liberates cblorine from tbe commercial hypocblo- 
rites, recognised by its odour.* 

397. (0) Sulphate of manganese gives a black precipi- 
tate of binoxide of manganese. 

Ca(C10)a + 2MnS04 + 2CaHa0a = 2CaS04 + CaCla + 2MnOa + 2HaO. 

SECTION V. 

Iodine. 

398. We are most likely to meet with iodine, either in 
the free state, or in combination with hydrogen as hydri- 
odic acid, or with a metal as an iodide. 

Free iodine would be at once recognised by its resem- 
bling black lead in appearance, and furnishing violet 
vapours of peculiar odour when heated. 

Hydriodic acid and metallic iodides. 


A solution of iodide of potassium may be used. 


399. (C) Sta^rcli added to a solution of an iodide, gives 
no reaction unless the iodine is set free by the addition of 
some oxidizing agent. This may be effected by concevr 
trated nitric acid, which should be added drop by drop, 
when the purple or blue colour of the iodized starch wul 
be perceived. Strictly speaking, the action is not due to 
the nitric acid, but to the nitrous acid, HNOg (?), which 
is contained in the ordinary specimens of the acid, 

400. (C) Conce7itrated sulphuric acid, heated with an 
iodide, liberates iodine, recognised by its violet- coloured 
vapour, which imparts a blue colour to paper impregnated 
with starch.f 

401. (C) Nitrate of silver gives a pale yellow precipitate 

* The commercial hypochlorites always contain chlorides. A pure hypo- 
chlorite would disenffage hypochlorous acid, the smell of which differs some- 
what from that of chlorine. 

Ca(C10)8 + CaClj + 2H3SO4 = 2CaS04 + CI4 + 2H80. 

t Some hydrosulphurio acid is evolved at the same time. 

SKI + 6Hj,S 04 = 4KaS04 + Ig + HgS + 4H,0. 
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of iodide of silver (Agl) insoluble in nitric acid and in 
ammonia. 

402. (C) Per chloride of mercury gives a brilliant red 
precipitate of iodide of mercury (Hgis), soluble in an ex- 
cess either of the per chloride or of iodide of potassium. 

403. Platinic chloride produces a dark brownish-red 
colour.* 


SECTION VI. 

Fluorine. 

404. This element is likely to be met with either as 
hydrofluoric acid, or as the fluoride of a metal. 

Hydrofluoric acid and metallic fluorides. 

405. (C) Moisten a little fluor spar (CaFg) upon a piece 
of glass with strong sulphuric acid, heat gently, and wash 
off the mass after a few minutes, when the glass beneath 
will be found corroded by the hydrofluoric acid. 

CaF 2 +HoS 04 =CaS 04 -f- 2 HF. 

40'). (C) Mix some floor spar with sand (Si02), and • 
heat the mixture with concentrated sulidiuric acid in a 
dry test-tube furnished with a perforated cork, carrying a 
piece of glass tube moistened in the inside ;t fluoride of 
silicon will be evolved, and will be decomposed by the 
water, depositing a white coating of silica (SiOg) upon 
the sides of the moistened tube. 

2CaF.-fSiO2-h2H.SO4=20aSO4+2H2O + SiF4; 

3SiF4+2H20=Si()2+2(2HF.SiF4). 

407. Fuse upon platinum foil a mixture of very finely 
powdered fluor spar with three or four parts of carbonate 
of soda ; boil the fused mass upon the foil in a dish with 
water, to dissolve out the fluoride of sodium (NaF), and 
thus separate it from the carbonate of lime. Filter the 
solution, and neutralize it carefully with acetic acid. 

408. Chloride of harium added to a portion of this solu- 
tion gives a, translucent precipitate of fluoride of barium 
(BaFg), soluble in dilute hydrochloric acid. 

♦ Bichloride of palladium is often a useful test for iodides, with which it 
produces a black precipitate (Pdig). 

t Or place a broken test-tube, moistened inside, with its border in contact 
with that of the tube containing: the fluoride, so that the gas evolved must 
pass up through it. Or hold a wet glass rod in the fumes. 
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409. Chloride of calcium gives a similar precipitate, 
almost insoluble in acetic acid. 


SECTION VII. 

Boron, 

410. The ordinary forms of combination in which boron 
is met with are boracic acid and the borates. 


Boracic Acid, 

411. (C) Add dilute lufdrocldorlc acid, drop by drop, to 
a solution of borax (biborate of soda, Nao 0 . 2 Bo 03 ), until 
it distinctly reddens blue litmus paper; dip one end of a 
slip of turmeric 2 >o]>er into the acid solution, and dry it 
at a little distance above the dame, being careful not to 
scorch it ; the yellow colour of the turmeric will be 
changed to a bright orange-red, which will become blue- 
green with potash. 

412. (Cj Mix a solution of borax, or other borate to be 
tested, in a small dish, with strong sulphuric acid and 
alcohol, kindle the mixture, by means of a glass rod 
dipx^ed into it, and stir it well, in a dark place ; the flame 
will be tinged with green, especially at the edge, boracic 
ether being formed and burning with a green flame.* 

413. Make a very strong solution of borax, by boiling 
with water, allow it to cool, and add strong hydrochloric 
acid; feathery crystals of boracic acid (H3BO3) will be 
deposited. 

414. Chloride of hariuruy added to a solution of borax, 
precipitates biborate of baryta (Ba 0 . 2 B 203 ), which is 
readily soluble in dilute hydrochloric acid. Compare 

415. Chloride of calcium gives a white precipitate of 
biborate of lime, readily soluble in acetic acid. Compare 
(424). 

Both this precipitate and the preceding one are soluble 
in chloride of ammonium, so that when dissolved in 
hydrochloric acid, they are not generally reprecipitated 
by ammonia. 

* If copper be present it may also impart a green flame, and must be 
separated before applying this test. 

I 



114 


SILICON — SILICIC ACID. 


416. Nitrate of silver gives a white precipitate of borate 
of silver which becomes brown when boiled, and is easily 
soluble in nitric acid. Compare (391). 

[For the blowpipe test, see (117).] 

SECTION VIII. 

Silicon, 

417. Silicic acid and the silicates are the forms in which 
this element is generally met with. 

Silicic Acid, 

418. (C) Mix a little finely powdered sand (Si02) (in- 
soluble variety of silica) with four parts of dry carhonaie 
of soda, and fuse the mixture for two or three minutes 
upon platinum foil, directing the blowpipe flame upon 
the under side ; effervescence takes place, from the car- 
bonic acid, and silicate of soda is formed. 

Soak the platinum foil in water (in a dish), and the 
mass will dissolve ; acidify the solution with hydrochloric 
acid, and divide it into two parts. 

419. (C) Evaporate one |)art (acidulated with hydro- 
chloric acid) to dryness, in a dish, and treat the residue 
with diluted hydrochloric acid; the chloride of sodium will 
be dissolved,* but white flakes of insoluble silica (SiOo) 
will be left, and may be seen when the liquid is j:>oured 
out into a test-tube. 

420. To the otlier part add a slight excess of ammonia; 
soluble silica will separate as a gelatinous precipitate, 
which might easily be mistaken for alumina (278). 

[For the blov^^ipe tests, see (150, 151).] 

SECTION IX. 

Carhon, 

421. The foi:ra8 of combination in which carbon is com- 
monly met with in the analysis of inorganic substances 

* Water would have suflSced to dissolve the chloride of sodium, but sand 
generally contains alumina and iron, which the hydrochloric acid will dis- 
solve. 



CAEBON. 


115 


are carbonic acid and tbe carbonates ; but since this ele- 
ment is present in all organic {i.e., animal and vegetable) 
substances, the various forms of combination in which 
it may present itself are far too numerous to be con- 
sidered in this work. There are, however, a few other 
acids containing carbon which are liable to be encountered 
in the ordinary course of analysis, and are here enume- 
rated, their chief source, whether natural or artificial, 
being at the same time recalled to the mind of the 
student. 

Oxalic acid ; from wood sorrel ; rhubarb ; action of 
nitric acid on starch or sugar, and of hydrate of pot- 
ash on sawdust. 

Acetic acid ; from vinegar ; and distillation of wood. 

Hydrocyanic acid; from bitter almonds; prussiate of 
potash. 

Hydroferrocyanic acid ; from yellow prussiate of pot- 
ash. 

Tartaric acid; from juice of the grape. 

Citric acid ; from lemon-juice. 

Tannic acid ; from gall nuts. 

Gallic acid ; from gall nuts. 

Benzoic acid ; from gum benzoin. 


Carlonic Add (CO^ or H 2 CO 3 ?). 


422. (C) Add dilute hydrochloric acid to solution of car- 
bonate of soda; notice the effervescence, and the faint 
odour of the carlbonic acid evolved. Put a little powdered 
marble or chalk into a test-tube, pour upon it some dilute 
hydrochloric acid, and incline the mouth of 


the tube over that of another, half filled 
with lime-water, so as to pour the carbonic 
acid gas into the second tube, but not any 
of the liquid; close the tube containing 
lime-water (calcium hydrate) with the 
thumb, and shake it, when it will become 
milky, from the separation of carbonate of 
lime. 

CaH 202 -fC 03 =CaC 03 +H 20 . 

If the quantity of carbonic acid be very 
small, it is better to pass it into lime-water, 
as represented in fig. t) 6 ; a representing 
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the test-tube containing the carbonate, from which the 
gas is conducted by the bent tube c into the lime-water in 
h ; a very gentle heat may be applied to promote the dis- 
engagement of the carbonic acid.* 

423. Chloride of harium or Chloride of calcium added 
to a solution of a carbonate, will produce a white pre- 
cipitate of carbonate of baryta or of lime, readily soluble, 
with effervescence, in acetic acid. 

BaCl2 + Na 2 C 03 = 2 NaCl-fBaC 03 . 


Oxalic Acid (H 2 C 2 O 4 ). 

424. (C) Add some chloride of calcium, to a solution of 
an oxalate (e.y., oxalate of ammonia) ; a white precipitate 
of oxalate of lime is produced, even though the solution 
be very dilute (343). 

The precipitate will be found to be insoluble in acetic 
acid, but readily soluble in hydrochloric acid. 

425. Chloride of harinm, added to oxalate of ammonia, 
will give a white precipitate of oxalate of baryta, which is 
soluble in dilute hydrochloric acid. 

BaCl2+(NIT4)2C204==:2NH4Cl+Ba0204. 

426. Heat a little crystallized oxalic acid in a small 
tube; observe that a great part volatilizes unchanged, 
condensing in fine needles on the cooler part of the tulDe. 

427. (C.) Pour a little strong su^^hn/ric acid upon some 
oxalic acid, or any oxalate to be tested, and apply heat; 
effervescence ensues, from the disengagement of carbonic 
acid and carbonic oxide (35). 

The carbonic oxide may be recognised by its burning 
with a blue flame when the mouth of the tube is applied 
to a light. 

428. Heat a little oxalate of lime with dilute hydro- 
chloric acid, which will dissolve it without effervescence ; 
neutralize the acid with ammonia, and the oxalate will be 
precipitated. 

429. Place some oxalate of lime (CaC 204 ) upon plati- 
num foil, and heat it to low redness ; the salt is scarcely- 
changed in appearance, but if it be now moistened with 

* Some natural carbonates, especially dolomite (carbonate of lime and 
magnesia), and native carbonate of iron, give scarcely any effervescence with 
hydrochloric acid in the cold. 
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hydrocliloric acid, it will effervesce violently, having been 
converted into carbonate of lime by calcination. 

Caa04=CaCq,-hC0. 

If the solution in hydrochloric acid be boiled, to expel 
free carbonic acid, and neutralized with ammonia, no 
precipitate will occur if the oxalate has been completely 
decomposed. 

430. If oxalate of lime be heated with dilute sulphuric 
acid, no effervescence takes place, but on adding a little 
hlach oxide of ma']i<ja.nese there will be a brisk efferves- 
cence ; due to the escape of carbonic acid gas produced 
by the oxidation of the oxalic acid at the expense of the 
oxide of manganese. 

CaCa 04 + MuOa + 2H2SO4 = CaS 04 + MnS 04 + 2CO2 + 2H2O. 

Acetic Acid (HCoH^O^). 

431. (C) Heat a little acetate of lead in a small tube, 
sealed at one end, and observe the peculiar odour of 
acetone (C;,H,,0) which it emits. 

432. (C) I^our a little stroufj sulphuric acid upon some 
acetate of lead, or other acetate to be tested, in a test- 
tube, and apply heat, when acetic acid will be evolved, 
which may be recognised by its odour. 

Pb(CoH,Oo)o-fH,SO‘4=PbS04-h2(HCoH,02). 

433. (C) Repeat the last experiment, with the addition 
of a little alcohol; the peculiar agreeable odour of acetic 
ether will be perceived, especially when the mixture has 
cooled. HCoH302-hC2H.,H0=CoH,C2H302+H20. 

434. Add ammonia, drop by drop, to acetic acid, till the 
liquid is slightly alkaline, evaporate it gently in a dish till 
the alkaline reaction is no longer perceptible, and add 
per chloride of iro7i ; a red colour (but no precipitate) is 
produced, due to the formation of ferric acetate the 
colour does not disappear on adding perchloride of mer- 
cury, which bleaches the red colour due to hydrosulpho- 
cyanic acid. 

435. Add uitraie of silver to some acetic acid ; no pre- 
cipitate is produced, but if a little ammonia be added, and 
the mixture stirred with a glass rod, a beautiful crystal- 
line precipitate of acetate of silver (AgC2H302) is de- 
posited. An excess of ammonia prevents its formation. 

* FcaClg + 6NH4(C2H80a) = 6NH4CI + Fe3(CaH30a)«. 
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Hydrocyanic Acid (HCN). 

— This acid and its soluble salts are extremely 
poisonous. Even the vapour of the acid is fatal if inhaled 
in any quantity. 

436. (C) Mix a little hydrocyanic acid, or other solution 
to be tested for cyanogen (C]Sr=Cy) with solution of 
potashy add a little solution of jirofomdphate of iron, then 
some percldoride of iron, and finally an excess of dilute 
hydrochloric acid ; a precipitate of Prussian blue is ob- 
tained, or if there be very little hydrocyanic acid present, 
a blue colour is apparent in the solution.* 

437. (C) To a little hydrocyanic acid add a few drops 
of yellow ammonium sulphide, and evaporate the solution 
nearly to dryness in a small porcelain dish (until all odour 
of the sulphide has disappeared) ; sulphocyanide of 
ammonium is formed, and on adding a little perchloride 
of iron, will give the blood-red colour of ferric sulpho- 
cyanide (re 2 (Cy 8 )fi), which is bleached by perchloride of 
mercury t {4.‘H). 

438. (C) Nitrate of silver added to hydrocyanic acid 
causes a white precipitate of cyanide of silver (AgCN), 
which is spanngly soluble in cold dilute nitric acid, but 
dissolves in the concentrated acid, especially on heating. 
Cyanide of silver also dissolves readily in ammonia, and 
is partly precipitated again by the careful addition of 
excess of nitric acid. 

When cyanide of silver is dried, and heated to redness, 
it evolves cyanogen ; if the experiment be performed in a 
small glass tube closed at one end, the cyanogen may be 
recognised by its odour, and by its burning with a pink 
flame. If the cyanide of silver be heated in a crucible, 
only metallic silver remains, which is entirely dissolved 
by nitric acid, whilst chloride of silver would remain un- 
changed. 

* The colour varies throujrh different shades of blue and jrreen according^ 
to the proportions in which the iron salts are added, but either colour may be 
taken, if well-marked, as affording? evidence of the presence of hydrocyanic 
acid. HCy -f KHO = KCy + H^O. 6KCy + FeSO^ = K^SO^ + K*(FeCy6). 

2K4(PeCy6) + FeSO^ + Ye.^C]^ = GKCl + KjjSO^ + Fe3(FeCy6)a 
(Prussian blue, or ferroso-ferric-ferrocyanide.) Hydrochloric acid is added to 
neutralize any excess of potash which would decompose the Prussian blue. 

t The analyst must not be misled by a fugitive red colour produced by the 
perchloride of iron with the hyposulphite of ammonia resulting’ from the 
oxidation of the sulphide of ammonium by the air. 
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439. Dilute snlpliurie or hydrochloric acid decomposes 
the cyanides {e.g., cyanide of potassium), evolving hydro- 
cyanic acid, which may he recognised by its peculiar 
odour (KCIsr+HCl=KCl+HCN). 


Hydroferrocyanic Acid (H4FeCy6). 

440. (C) Per chloride ofiron^ added to an acid or neutral 
solution of a ferrocyanide ferrocyanide of potassium), 
causes a dark blue precipitate of Prussian blue (312). 

441. Nitrate of silver gives a white precipitate of ferro- 
cyanide of silver (Ag4FeCy6), not dissolved by dilute 
nitric acid or ammonia ; decomposed by heat, the silver 
being reduced to the metallic state. 

Ferrocyanide of silver, allowed to remain in contact 
with nitric acid, especially if heated, becomes converted 
into orange-brown ferrideyanide of silver (AgaFeOyg), 
which is soluble in ammonia. 


Tartaric Acid (H2C4H4OG) . 

442. (C) Heat a small crystal of the acid on platinum 
foil, or on a slip of glass ; it at first fuses, and is after- 
wards decomposed, with deposition of carbon, and conse- 
quent blackening. A peculiar and characteristic odour 
is at the same time emitted. 

443. Heat a small fragment of bitartrate of potash 
(KHC4H40e) on platinum foil, before the blowpipe or over 
a spirit lamp. The tartaric acid is thus decomi:>osed, and 
carbonate of potash is at the same time formed. Place 
the fragment in a test-tube, and add a few drops of dilute 
hydrochloric acid, when it will effervesce, showing the 
presence of carbonic acid. 

444. (C) Mix solution of tartaric acid with a drop or 
two of ammonia, still leaving the solution acid. On 
shaking, a crystalline precipitate of bitartrate of am- 
monia (NH4HC4H4O6) will be formed. Add enough 
ammonia to redissolve this, and then chloride of calcium, 
A gelatinous precipitate of tartrate of lime (Ca04H40Q) 
will be formed. Pour part of this into another tube, and 
test the remainder with chloride of ammonium, which will 
dissolve it. 
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When the other portion has been set aside for some 
time, it will have become crystalline, and will then refuse 
to dissolve in chloride of ammonium, or even in acetic 
acid, so that it might be mistaken for oxalate of lime, ex- 
cept that after being dissolved in hydrochloric acid, and 
mixed with chloride of ammonium, it will be found not 
to be reprecipitated by ammonia (428), unless the solution 
is briskly stirred with a glass rod, when the tartrate of 
lime is deposited in a very crystalline state, especially on 
the lines where the rod has rubbed against the tube. 
The tartrate of lime precipitated by adding chloride of 
calcium to the filtered aminoniacal solution of tartar- 
emetic, does not show the same disposition to become 
crystalline as is exhibited by that from other tartrates. 

445. The tartrate of lime is also soluble, after washing, 
in a cold solution of potash ; if the potash solution be 
heated, however, the tartrate of lime separates as a bulky 
precipitate, but redissolves as the solution cools. 

44G. (C) Carhonate of potashy added to tartaric acid, in 
quantity insufficient to neutralize it, produces a granular 
crystalline precipitate of bitartrate of potash, the separa- 
tion of which is much promoted by brisk stirring (856). 

447. Acetate of potash with a little free acetic acid will 
produce the same precipitate in the solution of a neutral 
tartrate. 

418. Tartaric acid and the tartrates, when present in 
solutions of ferric salts, prevent the i)recipitation of the 
hydrate when ammonia or potash is added. This is 
owing to the formation of double tartrates of iron and the 
alkali, which are soluble in water, and are not decomposed 
by an excess of alkali. Tartaric acid also prevents the 
precipitation of aluminium, manganese, and some other 
metals, under similar circumstances. 

449. When tartaric acid is heated with strong sulphuric 
acidy it blackens at once ; if the mouth of the tube be ap- 
plied to a light, it will be found that carbonic oxide is 
passing off in small quantity. 

449a. Potassium permanganate, added to a solution 
containing tartaric acid mixed with excess of potash, and 
boiled, gives a brown precipitate of manganic oxide. 
(Compare 454a). 
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Citric Acid (HgCgHgO^). 

450. (C) When heated, citric acid at first melts, and is 
subseqnentljy decomposed, emitting pungent fumes, which 
may be distinguished by their smell from those formed by 
tartaric acid under similar circumstances. A carbona- 
ceous residue remains. 

451. (C) Chloride of calciu7)i, when added to citric acid 
which has been neutralized with ammonia, gives a white 
precipitate of citrate of lime (Ca 3 (C(.Hri 07 ) 2 ), in the cold if 
the solution be concentrated, but only on boiling, in a 
dilute solution, which is insoluble in potash, but soluble 
in chloride of ammonium.* If this solution be boiled, the 
citrate of lime reprecipitates. Free citric acid gives no 
precipitate with this test. Compare (445). 

452. (C) Lime-water y added in excess, fails to produce 
a precipitate in a cold solution, but if the mixture be 
boiled, citrate of lime is thrown down, being less soluble 
in hot water than in cold. 

453. Citric acid and the soluble citrates, when present 
in solutions containing ferric oxide, aluminium, and some 
other metals, prevent their precipitation by ammonia, 
owing to the formation of soluble double salts. 

454. Citric acid, when heated with strong^ sulphuric 
acidi is decomposed ; carbonic acid and carbonic oxide are 
given off' with efiervescence, and after some time, sul- 
phurous acid is formed, and the mixture becomes dark 
coloured (449). 

454a. When tested as in (449a), citric acid gives a green 
solution of potassium manganate (instead of the brown 
precipitate). 

4545. AghTOy added to solution of citric acid, followed 
by the careful addition of NH 3 , yields a white precipitate 
of argentic citrate, which is dissolved by NH 3 in excess. 
On heating the solution, the Ag is slowly reduced to the 
metallic state, whilst, if the same experiment be made 
with tartaric acid, the reduction takes place much more 
rapidly. 

* The citrate of lime precipitated hy boiling is more granular, and is much 
less easily dissolved by chloriile of ammonium and acetic acid than the gela- 
tinous citrate precipitated in the cold. 
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BENZOIC, GALLIC, TANNIC ACIDS. 


Benzoic Acid (HC 7 H 5 O 2 ). 

455. (C) When heated in a tube, this acid sublimes, and 
condenses in the form of beautiful feathery crystals : the 
vapour has a peculiar aromatic odour, and causes an un- 
pleasant sensation in the throat, inducing coughing. 

456. Perchloride of iron gives, in neutral solutions, a 
light yellowish-brown precipitate of ferric benzoate, which 
is soluble in acids, and is decomposed by ammonia. 

457 . (C) When the solution of an alkaline benzoate, as 
benzoate of ammonia, is treated with strong sulphuric or 
hydrochloric acid^ it is decomposed, and the liberated ben- 
zoic acid, being almost insoluble in water, is separated in 
the form of a white crystalline precij^itate. 

Gallic Acid (HC;H,0,). 

458. When heated, gallic acid is charred, and emits a 
peculiar odour. The acid is sparingly soluble in cold, but 
dissolves readily in hot water, crystallizing easily on 
cooling. 

459. (0) Alkalies mixed with solution of gallic acid 
cause it to become brown immediately, by absorption of 
oxygen from the air. 

460. (C) BercMoride of iron produces a bluish -black 
precipitate. 

Tannic Acid, 

461. This acid is also charred when heated. It dis- 
solves readily in cold water. 

462. The addition of an alkali causes a solution of 
tannic acid to become brown when exposed to the air. 

463. (C) Perchloride of iron produces a bluish-black 
precipitate. 

464. (C) Dilute sulphuric acid throws down a white 
precipitate, which is an insoluble compound of the two 
acids.* 

* The reactions of uric acid will be found in Botcman’it Medical ChemUtry. 
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CHAPTEE VII. 

ORGANIC ALKALOIDS. 

The organic alkaloids which are most likely to be met 
with in ordinary analysis arc 

Morphine (from opium). ‘ Quinine and Cinchonine 
Strychnine (from 7i'Lix (from cinchona bark). 

vomica). 


SECTION I. 

Morphine (Cij-H^gNOa). 


A solution of the hydrochlorate of morphine may be used. 

465. Concentrated yiitric acid produces, in solutions 
containing morphine, an orange colour, appearing at once 
in pretty concentrated solutions, but only after a time, or 
on boiling, if the solution be dilute. 

466. 'N eatriil per chloride of iron, with neutral solutions 
of morphine, gives an inky blue or green colour. 

467. Carbonate of soda causes the separation of the 
morphine in the form of a crystalline precipitate, espe- 
cially if the solution be briskly stirred and allowed to 
stand ; if this be collected on a filter, washed with a few 
drops of cold water, and moistened with neutral perchlo- 
ride of iron, the inky colour is very distinct ; nitric acid 
changes it to a bright orange. 

(Opium. Fer chloride of iron produces the fine red 
colour due to the ferric meconate, which is not bleached 
by perchloride of mercury (434, 437). 

Acetate of lead causes a white precipitate of meconate 
of lead Pb 8 (C 7 H 07 ) 2 . 
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QUININE — CINCHONINE. 


SECTION n. 

Quinine (C 


Asolution of the snlphateof quinine ( (C 2 oHo 4 ^^ 02 ) 2 ll 2 S 04 ) 
in dilute sulphuric acid may be used. 


468. Acid solutions containing quinine generally exhibit 
a blue fluorescence when viewed in certain lights. 

469. Carhonaie of soda produces a bulky precipitate of 
hydrated quinine, which shrinks, after a time, and be- 
comes crystalline ; if the precipitate be suspended in 
water, and treated with chlorine, it passes through various 
shades of VKjlet and red. 

470. Strong chloriue %oa,tei\ followed by ammonia, pro- 
duces a blue or green colour in solutions of quinine. 

SECTION ITT. 

Cinchonine (C 20 H 24 N 2 O). 

471. In order to detect the presence of cinchonine in 
sulphate of quinine, ten grains of the salt are placed in a 
test-tube with two drachms of washed ether, and twenty 
drops of solution of ammonia are added. The mixture is 
agitated violently, and set aside for a minute or two, when 
it will be found to separate into two layers, the lower one 
being an aqueous solution of the sulphate of ammonia, 
and the upper layer an ethereal solution of quinine ; cin- 
chonine being insoluble in both, will be seen at the surface 
of the lower layer. 

472. Dissolve cinchonine, or its sulphate, in as little 
hydrochloric acid as possible, and add ferrocyanide of 
potassium. A yellow flocculent precipitate is formed, 
which dissolves when heated with an excess of the ferro- 
cyanide, and is deposited, on cooling, in brilliant yellow 
crystals, which have a very characteristic appearance 
under the microscope. 
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SECTION IV. 

Strychnine (C 2 iH 22 ^^ 2 ^ 2 )* 

473. If a mimite particle of strychnine be moistened, on 
a piece of white porcelain, with concentrated sulphuric 
acid, and touched with a drop of solution of hichromate of 
potash upon the end of a glass rod, a deep blue colour 
will be produced, afterwards changing to violet and red.* 

474. A similar change of colour is observed when a 
drop of concentrated nitric acid is poured upon strychnine, 
and a few particles of the peroxide (brown oxide) of lead 
are added. 

475. If a solution of strychnine in an acid (hydrochloric) 
be mixed with a/mmonia, the precipitate which forms at 
first is redissolved by a slight excess of ammonia, and if 
the solution be allowed to stand, the strychnine crystal- 
lizes in distinct needles. 

For the detection of the poisonous alkaloids in mix- 
tures containing organic matter, the student is referred to 
Bowman^ s Medical Chemistry, 

* This test is rendered more delicate by mixiniar the strong sulphuric acid 
with a trace of the solution of bichromate of potash, and addinjj a particle of 
the substance to be tested for strychnine. 



PART III. 


QUALITATIVE ANALYSIS OF SUBSTANCES, THE 
COMPOSITION OF WHICH IS UNKNOWN. 


CHAPTER I. 

475 The ■ultimate object of qualitative analysis is, of 
course, to ascertain the nature of the elements com- 
posing any substance presented for examination, without 
any clue whatever afforded by its origin or history. A system 
of analysis adapted to this purpose must be so framed 
that if all the non-metallic and metallic elements were 
present in the same substance, none should interfere 
with the detection of the others. Such a method is of 
necessity somewhat complicated, and would involve a 
great loss of time if applied to substances containing 
only one metal and one non-metallic element, or one base 
and one acid. Cases frequently present themselves in 
which it may be inferred, with little chance of error, that 
the substance to be examined is of this description, and 
the first division of this part of the work will therefore be 
devoted to the systematic course for the analysis of such 
substances, which will be found a very necessary intro- 
duction to the higher branch of analysis in which the 
most complex combinations are dealt with.* 

• In the Appendix, there will be found a list of salts, &c., which may be 
taken for practice in qualitative analysis. The student should first examine 
a few of each kind with the assistance of the book, until he finds himself 
tolerably familiar with the processes; after which he may try them without 
reference to the printed directions. 
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Qualitative Analysis of Substances containing only one 

Metal and one Non-Metal, or one Base and one Acid, 

EXAMINATION^ OF A SOLID SUBSTANCE. 

477 Observe and note down* the appearance of the 
substance, whether it is crystalline or amor- 
pilous ; its form and colour ; especially whether it 
has any metallic appearance.f In the latter case, 
pass on to (493). 

47a A FllAGMENT OF THE SUBSTANCE IN A SMALL 

TUBE OF GERMAN GLASS, CLOSED AT ONE END : HEAT 
IT FIRST OVER A LAMP, AND AFTERWARDS IN THE FLAME OF 
THE BLOWPIPE. 

(a) Xt undergoes no change, and emits no 
odour or vapour. 

Absence of water, organic matter, ^c. Pass 
on to (479). 

(h) Xt fuses without any other apparent 
changre. 

Probable absence of all metals except potas- 
sium, sodium, harmm, strontium, calcium, and 
aluminium. Absence of organic matter. Pass 
on to (479). 

(c) Xt volatilizes entirely. 

Probable absence of all metals except ammo- 
nium, mercury, and a.rse'uic. The probability is 
stronger if the volatilization takes place with- 
out the aid of the blowpij^e. Also absence of 
horoKi and silicon, 

{d) It emits brown sulphurous fumes, condensing 
in yellow g'lobules upon the side of the tube. 

Presence of sulplmr. 

• I cannot too 6tronp:ly insiat once more on the importance of making 
careful and accurate notes of all the experiments and observations which are 
made ; they are not only often absolutely necessary for reference in the sub- 
sequent stages of the analysis, but the practiee is also of the greatest value 
to the student in cultivating habiis of correct observation and facility of 
expression ; besides at the same time impressing the facts more strongly on 
his recollection (2). 

t In examining minerals and metals, it is advisable to take their specific 
gravity, when, by reference to a table (such as that in Dr. Thomson’s Mine- 
ralogy, vol, i. p. 710), we are able to exclude those bodies which differ widely 
in their specific gravities from the substance under examination. 
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(e) It is charred, and emits some peculiar odour. 

Presence of an organic substance. 

(/) Cyanog'en is evolved (burning with a pink 
flame). 

Presence of a cyanide or f err ocyanide. 

ig) Brown nitrous fiinies are evolved. 

Presence of a nitrate.* 

47S ^ LITTLE STRONG SULPUUIUC ACID UPON THE 

POWDEEED SUBSTANCE IN A TEST-TUBE, and heat 
gradually, nearly to boiling, testing the odour and com- 
bustibility of p^^ny gas evolved. 

(a) No evolution of g*as or vapour (except that 

of sulphuric acid) ; and no carbonization 9 
probable absence of all acids except sulpliuricy 
phosphoric, horacic, silicic, arscnious, arsenic, an- 
twion lc, and stannic. Pass on to (180). 

(b) Effervescence, even without heat; probably car- 

bonic acid (nearly inodorous), hydrochloric acid 
(pungent fumes), sulphurous acid (smell of burn- 
ing sulphur), hydrosulplmric acid (smell of putrid 
eggs, indicating a sulphide), or hypochloroiis acid 
(smell of chlorine). Pass on to (480). 

(c) Puns^ent sulfocatingr acid fumes are 

evolved ; probably hydrochloric add (indicating a 
chloride), hydrofluoric acid (indicating a fluoride; 
the tube found to be corroded, after washing and 
drying),t nitric acid (often accompanied by brown 
vapours). 

(d) Violet vapours are evolved ; presence of iodine. 

Pass on to (481). 

{e) The substance becomes yellow or red, 
and a yellow chlorous g’as is evolved ; pre- 
sence of chloric acid (detonation often occurs on 
heating). Pass on to (480). 

(/) Combustible gras (carbonic oxide) is evolved ; 
probably oxalic acid, hydrocyanic add (indicating 
a cyanide), hydroferrocyanic acid (indicating a 

* The Btudent is reminded that the systematic examination by the blowpipe 
(166) will be of great service in confirming the results obtained by qualitative 
analysis. 

t If hydrofluoric acid is present, the fumes will probably deposit opaque 
silica upon a wet glass rod (4^6). 
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ferrocyanide ; the mixture assumes a blue colour), 
citric acid, or tartaric acid (carbonization). 

(g) Vapours of acetic acid are evolved ; the sub- 
stance is an acetate. Senzoic acid vapours 
would be known by their odour. 
ill) Carbonization takes place ; presence of 
some organic substance other than the acids above 
named. {Tartaric, gallic, and tarmic acids would 
be carbonized by sulphuric acid.) 

* DROCiiLORic ACID, observing the odour of the gas, 
if any, evolved. 

(a) The gas is nearly Inodorous; probably car- 
bonic acid (effervescence), confirm by (422). Pass 
on to (481). 

{b) The gas has the odour of bumingr sulphur ; 

presence of sulphzirous or hypo sulphurous acid; 
confirm by (1372) and (375). Pass on to (481). 

(c) The gas has the odour of putrid eg'g^s ; pre- 

sence of a sulphide; confirm by (378). Pass on 
to (481). 

(d) The gas has the odour of chlorine ; presence 

of an indifferent metallic oxide {e.g., the peroxides 
of manganese and lead), of chloric acid, of hypo- 
chlorous acid, or possibly of nitric acid. Pass on 
to (481). 

(e) An odour of hydrocyanic acid is evolved ; 

presence of a cyanide or a ferrocyanide (blue or 
green colour). 


TO DISSOLVE THE SUBSTANCE FOR 
ANALYSIS.* 

Place about ten grains of the powdered substance 
in a test-tube, and pour upon it two or three 
fluid drachms of distilled water; shake them well to- 
gether, and if the substance is not dissolved, heat to 
boiling. 

• When the analyst has ascertained how to dissolve the unknown substance, 
he may often learn much respecting its nature by referring to the Table of 
Solubilities in the Appendix. 

K 
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ANALYSIS OF SIMPLE SUBSTANCES. 


(a) THe substance is entirely dissolved. Pass on 
to (496). 

(h) iL great portion of tbe substance is dis- 
solved. Filter the solution, and examine it by 
(496). 

(c) The substance is not dissolved to any consider- 
able extent.* Pass on to (482). 

Boil a fresh portion of the substance (or, if it be 
scarce, the residue left in (481) with dilute hydro- 
chloric ACID).t 

(a) It is entirely dissolved. Pass on to Table I. 

(b) A great portion of it is dissolved. Filter 

the solution, and examine it by Table I. 

(c) It is not dissolved in any considerable quantity. 

Pass on to (483). 

483 Boil a fresh portion 8f the substance with dilute 

NITRIC ACID. 

(a) It is entirely dissolved. Pass on to Table I. 
(&) A grreat portion of^ it is dissolved. Filter 
the solution and examine it by Table I. Ascertain 
if the residue presents the characters of sulphur, 
indicating a sulphide (380). 

(c) It is not dissolved to any great extent. Pass on 
to (484). 

Poil a fresh portion with strong hydrochloric 
ACID, and add strong nitric acid, very carefully, 
drop by drop. 

(a) The substance is dissolved. Pass on to Table I. 

(b) A grreat portion of it is dissolved. Dilute 

the solution with water, filter, and examine it by 
Table I. IS’ote whether the residue is sulphur 
(380). 

(c) The substance is undissolved. Pass on to (485). 

* If there be any doubt, filter the solution, and evaporate a drop of the 
clear liquid upon a slip of glass. 

t Some substances, especially peroxide of iron, will dissolve only after long 
digestion with pretty strong hydrochloric acid. 
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ANALYSIS OF A SINGLE COMPOUND 
INSOLUBLE IN WATEE AND ACIDS. 

Should the substance remain undissolved after 
the above course of treatment, heat a small por- 
tion of it upon a piece of platinum foil, or of porcelain, or 
in a porcelain crucible, or in a piece of slightly bent hard 
glass tube open at both ends. 

(a) It glows and bums away, emitting little or no 
smell ; it is carbon (and of course is black). 

(&) It fuses and burns with a blue flame y emitting 
sulphurous acid ; it is sulphur. 

(c) It fuses to a brown drop, without further 

change ; it is probably chloi’ide of silver, and will 
dissolve when heated with ammonia.. 

(d) It undergroes none of these changres. 

Pass on to (486). 

486 substance by (405) to see if it is 
fluor spar (fluoride of calcium). 

487 before a blowpipe, on a platinum 
wire moistened with hydrochloric acid, to see if it 

is sulphate of baryta (green flame) or sulphate of strontia 
(crimson flame).* 

488 fusing on charcoal with carbonate 
of soda, or better, with cyanide of potassium, to 

see if it is ant imonic acid (110), the binoxide of tin (161), 
or a compound of lead (134). 

48 d found to contain lead, boil a small portion 

with ACETATE OF AMMONIA (made by mixing acetic 
acid with excess of ammonia) ; if it be sulphate or chloride 
of lead, it will be dissolved, and the solution may be tested 
tor sulphuric acid with chloride of barium (370), for chlo- 
rine with excess of nitric acid and nitrate of silver (391), 
and for lead with excess of acetic acid and chromate of 
potash (201). If undissolved by acetate of ammonia, it is 
probably silicate of lead. Confirm (151). 

490 with a bead of borax, on platinum wire, to 

see if it is sesquioxide of chromium (125), or ses- 
quioxide of iron (133). 

♦ Sulphate of lime miffht also occur hero, althoujjrh it may generally be 
dissolved by boiling with hydrochloric acid ; the analyst must, therefore, not 
be too hasty in inferring the presence of strontia from the colour of the flame 
( 166 ). 
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Should the above experiments have failed to con- 
vince the analyst of the nature of the insoluble 
substance, it must be reduced to an impalpable powder 
(which is best effected in an agate mortar), mixed with 
three or four times its weight of dry carbonate of soda 
(or better, of carbonate of potash and soda), and thoroughly 
fused, on platinum foil, or in a platinum crucible, with 
the aid of the blowpipe, until it remains in a perfectly 
tranquil state of fusion.f 

The fused mass is then allowed to cool, and heated with 
water for some time (the platinum foil being immersed 
in the water). 

(a) The mass is entirely dissolved by the water ; 

absence of all metals except 'potassiuinii sodium ^ 
olumim um, clmmiium, manganese ^ zinc^ and tin. 
Mix the solution with an excess of hydrochloric 
ACID, evaporate it to dryness, heat the residue 
with dilute hydrochloric acid, filter the solution 
from the scj^arated silica (419), and examine it 
for aluminium, chromium, manganese, zinc, and 
tin, as in Table I. If none of these be present, a 
fresh portion of the original substance must be 
examined ior potassium emd sodium by (509). 

(b) A, portion of the mass remains undissolved 9 

the solution is filtered off (saving the residue for 
examination by (492), and acidulated with 
HYDROCHLORIC ACID ; One portion being tested for 
sulphuric acid with chloride of barium, the 
other examined as in (a). 

undissolved residue is washed several times 
with water, dissolved off the filter in hot dilute 
HYDROCHLORIC ACID, evaporated to dryness ; the residue 
heated with dilute hydrochloric acid, filtered from the 
separated silica, and the solution examined for the metal 
according to Table I. 

♦ Great care is necessary in nsinfr a platinum crucible, that nothing is 
heated in it whirh is likely to corrode it. Compounds of the easily reduced 
and fu8ii)le metals, as tin, antimony, lead, bismuth, &c. ; substances con- 
taining sulphur, as metallic sulphides; caustic alkalies, nitroh} drochloric 
acid, besides many other substances, are all more or less injurious. When a 
platinum crucible is heated in a furnace or open fire, it must be placed in a 
covered earthen crucible to protect it from injury ; a little pounded magnesia 
should be interposed between them, to prevent their sticking together, as at a 
high temperature the surface of the earthenware is liable to fuse. 

t The fusion is more rapidly effected as in (612). 
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EXAMmATION OF A SIMPLE SUBSTANCE 
HAYING A METALLIC APPEAKANCE. 

A fragment of tlie substance is boiled for some 
time with dilute nitric acid. 

(<7) It is entirely dissolved. Pass on to Table I. 

(h) It is dissolved, with separation of sul« 
phur (380). Filter the solution, and examine by 
Table I. 

(c) A considerable white residue is left. This resi- 

due is probably either anfimottlc acid, hinoxldG of 
tin, or sulphate of lead. Pass on to (495). 

(d) The substance remains unaltered. It is pro- 

bably either gold, platinum, carbon, in the state of 
graphite,* or iodine (in which case, violet 
vapours will be evolved). Examine by (494). 

A small portion of this residue, or of the original 
substance, is very strongly heated on platinum foil. 

(a) It burns slowly away | graphite. 

(h) It remains unaltered; gold or jdatinum. Dis- 
solve it in a mixture of hydrochloric and nitric 
acids, dilute the solution, and add protochloride 
of tin ; gold will give a purple-brown precipitate, 
and platinum a dark red colour. 

495 Boil another fragment of the substance with 

STRONG HYDROCHLORIC ACID. 

(a) It rapidly dissolves, evolving sulphuretted 
hydrbgren (378). Presence of sulphide of anti- 
mony, or sulphide of lead. Filter the solution 
and test for lead with dilute sulphuric acid in 
excess (200), and for antimony by (238). Confirm 
by blowpipe (110, 134). 

(&) It dissolves slowly with effervescence, but no 
escape of sulphuretted hydrogren. Metallic 
tin. Test the solution with 1*erculoride of mer- 
cury (230). 

(c) It is not dissolved by hydrochloric acid; me- 
tallic antimony. Add a few drops of strong nitric 
ACID. Antimony will entirely dissolve, and may 
be tested for by (238). 

* The graphitoid form of silicon would also remain unaltered. 
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EXAMINATION OF A LIQUID CONTAINING 
ONLY ONE METAL AND ONE NON-METAL, 
OR ONE BASE AND ONE ACID.^ 

PRELIMINAUY EXPERIMENTS. 

Carefully observethe colour, taste, and smell 
of the liquid. 

Place a drop upon a slip of thin glass and evapo- 
rate it to dryness at a gentle heat. 

(a) Mo residue is left upon the glass ; if the liquid is 

colourless, tasteless, and neutral to test-papers, 
it is simply water. In any other case, pass on to 
(498). 

(b) A residue is left ; notice its appearance, and the 

action of heat upon it, making the inferences 
stated in (478, c, d, and e). 

Try the action of the liquid upon blue and red 
litmus paper. 

(a) The solution is neutral or acld^ pass on to 

Table I. 

(b) The solution is alkaline ; pass on to (499). 

499 ^ little of the alkaline solution, in a test-tube, 

with enough dilute nitric acid to render it dis- 
tinctly acid. If no change is produced, pass on to 
Table I. 

(a) Sffervescenoe takes place, with evolution of a 

nearly inodorous gas ; presence of an alkaline car- 
bonate ; pass on to Table VI. 

(b) The liquid becomes milky; if the milkiness does 

not disappear on adding more nitric acid and 
gently heating, it is probably sulphur, and indi- 
cates the sulphide or nyposu^hite of a metal of 
the third or fourth class. Test for a sulphite 
with acetate of lead (377), and for a hyposulphite 
with hydrochloric acid (375), in separate fresh 
portions of the original solution. Examine for 
the metal by Table I. 

(c) A distinct precipitate separates, which is not 

dissolved by more nitric acid; this maybe stannic 

* Exclusive of anj acid which the analyst may have employed to diBSoWe 
the substance under examination. 
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acid, arsenious acid, antimonic acid, silicic acid, 
benzoic acid, or uric acid, which must have been 
in combination with an alkali in the original solu- 
tion, Filter off the precipitate ; test the solution 
for ammonia by (360), for 'potash by (354), and 
for soda, after having neutralized with a little 
potash or carbonate of potash, by (358). Pass on 
to (500). 

500 original alkaline solution with a consi- 

derable quantity of iiydrosulphukic acid, and 
acidulate it with hydrochlojuc acid. 

(a) A yellow precipitate is produced ; filter off the 

precipitate, and treat with warm carbonate or 
AMMONIA ; if the precipitate dissolves, arsenious 
acid was present ; if it does not dissolve, starmic 
acid. Confirm by (252, 161). 

(b) An orangpe precipitate is produced ; presence 

of antimonic acid. Confirm by (110). 

(c) No precipitate, or only a white precipitate 

is produced. Acidulate another portion of the 
original alkaline solution with hydrochloric 
ACID, and add ammonia in excess ; a white 
grelatinous precipitate, undissolved by the 
ammonia, is silicic acid. Confirm by (419). Ben~ 
zoic ^nd uric acids would be dissolved by the am- 
monia.* 

* Benzoic acid may be recognised by its feathery appearance, and by its 
dissolving readily on boiling the solution in which it was precipitated, emit 
ting its peculiar odour. Uric acid would be identified by mixing the original 
solution with excess of nitric acid, evaporating just to dryness, and treating 
the (yellow or red) residue with ammonia, which would develop the pink 
colour of murexide. 
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Dissolved. Blackened. Unchanged. 

AgCl. HgjCla PbCla 

Add dil. HNOg in excess Presence of Hg as a niercurous Presence of Pb. 

Precipitate AgCl, indicating Ag {f). compound, confirm by (209). Confirm by (199), (200), (201). 
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Analysis of the Precipitate produced by H^S. 
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ppK 

indicates 
Sn { k ). 



Analysis of the Peecipitate peohuced by (NHJoS. 
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See Dote 
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TABLE V. 

Analysis or the Peecipitate peoduced by (ITHJjCO,. 

Collect the precipitate upon a filter, wash it, and dissolve it in a very 
little dil. HCl. 

(In most cases, the following tests may be applied to the original 
solution, instead of the dissolved precipitate.) 


1. 

Add, to a small 
portion, dil. HJSO 4 . 
If no precipitate, 
Ba and Sr are 
absent. 

See Col. 3. 

If a precipitate is 
produced ( 9 ). 

See CoL 2. 

2 . 

To a fresh portion 
Add CaSO^. 
Immediate precipi- 
tate indicates Ba. 
Precipitate on 
standing or heating 
indicates Sr. 

(See note r.) 

1 3. 

To a fresh portion 
Add NH 3 in excess 
and 

(Ammonium oxalate) 

(NH,),CA- 

Precipitate 
indicates Ca. 
(341). 


TABLE VI. 


Detection of Potassium, Sodium, 

AND Ammonium. 

!• 

Boil a portion of 
the original 
substance with 
KflO. 

Odour of NHj 
indicates presence of 
NH 4 . 

(361, 363). 

2 . 

Make a rather 
strong solution of 
the substance, and 
stir it with Tartaric 
Acid (H 2 C.jH 40 g) 
or with PtCl^ 
upon a slip of glass. 
Precipitate (usually 
on the lines of 
friction) indicates 
K (149). 

3. 

Take a little of 
the substance upon 
a clean Pt wire, 
and expose in a 
non-illuminating 
flame. 

Strong Yellow colour 
indicates Na. 
(Confirm by 358). 




TABLE VII. 

Analysis op the Solution op a Simple Substance for the Acid or Non-metallic Body. 

Case 1. — The substance has been dissolved in water and the solution is not strongly acid, 

(This may be inferred if it does not effervesce on adding a little sodium carbonate.) 
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White ppt. becoming brown 
when boiled, indicates a 
sulphite (372) or a horate 



Analysis op the Solution of a Simple Substance for the Acid or Non -metallic Body. 
Case 2. — The substance has been dissolved in water, and the solution is strongly acid. 
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Analysis of a Si:iiPLE Substance for the Acid or N’on-metallic Body. 
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A substance insoluble in acids muse be examined as in (485). 
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Notes to Table I. 

а. Be sure that the Hydrosulphuric Acid has a strong 
smell of the gas, since it becomes useless when kept (641). 
To ascertain if it is in excess, close the mouth of the tube 
with the thumb, and shake violently ; it should still smell 
strongly of the gas. If much nitric acid has been used 
in dissolving the substance, it is advisable to evaporate 
down and dilute with water, before adding hydrosulphuric 
acid. 

б. A white precipitate of sulphur (appearing as a bluish 
milkinesB in the liquid) is caused by the presence of some 
substance capable of removing the H of the HgS ; such 
substances are ferric salts, nitrous acid, chlorine, sul- 
phurous acid, chloric acid, chromic, manganic, and per- 
manganic acids. Arsenic acid also causes separation of 
sulphur, followed by precipitation of yellow AsgSs. 

c. Ammonium chloride is added to prevent the precipi- 
tation of magnesium hydrate by ammonia (345) ; the 
volume of solution of ammonium chloride added should 
be about twice that of the liquid. 

d. Ammonia must be added till the liquid smells of it 
after closing the tube with the thumb and shaking it. 
Any free acid would decompose the ammonium sulphide, 
precipitating sulphur. 

Notes to Table II. 

e. Sulphur is sometimes precipitated here. It would 
be known by its not separating in distinct particles, and 
by the attendant odour of SO 2 (from a hyposulphite). 

/. The presence of silver may be confirmed by adding 
potash in excess to the original solution ; a brown preci- 
pitate of AggO would be produced. 

Ferricyanide of potassium produces a red-brown pre- 
cipitate in solutions of silver. 

Notes to Table III. 

a. The mercury detected here is present as a mercuric 
salt. If nitric acid was used in dissolving the original 



NOTES TO TABLE IV. 

substance, it would convert a mercurous salt into the 
mercuric form. Mercurous salts are always blackened 
when treated with potash. 

h. The tin detected here is present as a stannous salt. 
Gold and platinum would also give a black or brown pre- 
cipitate with H 2 S. The former would be precipitated as 
a purplish powder (from the original solution) by proto- 
sulphate of iron. Platinum would give a yellow precipi- 
tate with chloride of ammonium. 

{. This arsenic may have been present in the original 
substance as arsenious or arsenic acid (273). If nitric 
acid has been used in dissolving the substance, any 
arsenious acid will have become converted into arsenic 
acid. 

/c. The tin detected here is present as a stannic com- 
pound. If nitric acid has been used in dissolving the 
substance, it would have converted a stannous into a 
stannic compound. 

Cadmium gives a yellow precipitate with H^jS, dis- 
tinguished from the sulphides of arsenic and tin by its 
insolubility in ammonium sulphide. 


Notes to Table IV. 

l. Confirm the presence of iron, and ascertain whether 
it is present as a ferrous or feri’ic salt by (30d, 312). If 
nitric acid was used in dissolving the substance, any 
ferrous salt would have been converted into a ferric salt. 

m. This precipitate sometimes has a green colour, due 
to the presence of a very little iron as an impurity. 

Should ammonia produce a bright yellow precipitate, 
without adding ammonium sulphide, it is probably barium 
chromate. 

7 ^. Should this solution have a fine red colour, it pro- 
bably contains a permanganate (p. 90, note), or an acid 
chromate (287). If it be yellow, it may contain a neutral 
chromate (287). If green, probably a manganate (p. 90, 
note), or a salt of chromic oxide (283). The basylous 
metal present in a chromate, manganate, or perman- 
ganate must be detected as in the analysis of complex 
bodies. 

0 , This precipitate, if undissolved by excess of acetic 
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acid, is probably calcium oxalate (429, 430). It might 
also possibly be barium oxalate or strontium oxalate. 
The precipitate, or the original substance, should be 
heated (429) until converted into a carbonate, which may 
then be analysed by Table Y. 

A semi-transparent gelatinous precipitate by ammonia, 
insoluble in acetic acid, is probably calcium Huoride (405). 

p. If the precipitate produced by ammonia be soluble 
in acetic acid, it is probably a phosphate of Ca, Ba, Sr, 
or Mg. Add to the acetic solution a drop of ferric 
chloride ; a white ppt. indicates a phosphate ; add more 
ferric chloride till the solution is reddish, boil and filter. 
The filtered liquid, which should be colourless, may be 
examined for the metals as usual. (See Table I. col. 4.) 

Notes to Table Y. 

q. A precipitate here does not certainly indicate Ba or 
Sr, since Ca may be precipitated as CaS 04 in strong 
solutions. 

r. If the solution is acid, Sr may escape detection here. 
In that case, evaporate the acid solution to dryness, and 
dissolve the residue in water before testing with CaS 04 . 

Notes to Table YII. 

s. A solution containing a free alkali or alkaline earth 
would give a nearly black precipitate of silver oxide. 

t. If silver, lead or (mercurous) mercury be present, 
this test must be omitted. 

u. An arseniate might be mistaken for a phosphate 
here; but arseniates give a brown-red precipitate with 
silver nitrate, with which phosphates give a yellow pre- 
cipitate. 

V. If the original solution was alkaline, a red-brown 
precipitate of ferric hydrate may be produced here. 


L 
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ANALYSIS OF COMPLEX COMPOUNDS. 


CHAPTEE II. 

QUALITATIVE ANALYSIS OF COMPLEX SUBSTANCES WHICH MAY 
CONTAIN TWO OR MORE METALS AND NON-METALS, OR TWO 
OR MORE BASES AND ACIDS. 

Introductory Uemarhs, 

501. Unless we have reason to know that a substance 
intended for analysis contains only oiic base and one acid, 
it is necessary to assume that it may contain any or all 
of the more common saline compounds. Such an analysis 
is of course considerably more complicated than that of 
a single salt ; and consequently the necessity of having a 
well-devised scheme of experiments is here even greater 
than in the former case, when only one base and acid had 
to be detected. 

The student must be careful when analysing complex 
substances, that he adds sufficient of the various reagents, 
to throw down tlai ivliole of the metals affected by them, 
since any traces of the metals belonging to a class sup- 
posed to have been entirely removed from the solution, 
would materially interfere with the indications afforded 
by the subsequent tests. For example, in the analysis of 
a mixture of a salt of lead and a salt of lime, if sufficient 
hydrosulphuric acid were not passed through the solution 
to separate the whole of the lead, a black precipitate of 
sulphide of lead would be formed on the addition of hy- 
drosulphate of ammonia to the filtered liquid, indicating 
the presence of one or more metals of the third class, 
none of which are really present. On the other hand, the 
addition of a large excess of any of the reagents is also 
to be a^voided, as being not only useless and wasteful, but 
in many cases mischievous. 

Both these errors may be avoided by adding the re- 
agents in small successive portions ; and when the expe- 
rimenter has reason to think that he has added sufficient, 
let him filter a few drops of the mixture, and apply to the 
solution a little more of the reagent : if this produces no 
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further precipitate, he may conclude that enough has been 
added. 

In the course of an analysis, especially of a complicated 
substance, it is often necessary to have several solutions 
in hand at the same time ; to avoid confusion, each of 
these should be labelled with a bit of gummed paper, with 
a letter or mark upon it, referring to a corresponding letter 
in the note-book (2). 

As one portion of the substance to be analysed has to 
be carried through several operations, it is advisable that 
the quantity operated on should not be ver}^ small. When 
the substance is a solid, twenty or thirty grains may be 
used; and when in solution, an ounce or two (according 
to the degree of concentration) will be found a. convenient 
quantity. 

Where it is possible, the substance should be weighed 
previously to analysis, and carried through the whole 
jirocess without being divided, in order that some idea 
may be formed of the relative proportions of the substances 
detected. 

EXAMINATION OF A COMPLEX SOLID SUBSTANCE. 

The substance should first be examined accord- 
ing to the directions given in (477-480), but the 
analyst must be more careful in drawing his conclusions 
from the indications presented, on account of the compli- 
cation of phenomena arising from the presence of more 
than one compound. 

The process of dissolving the substance also requires 
modification. 
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TO DISSOLVE A COMPLEX SUBSTANCE. 


TO DISSOLVE THE SUBSTANCE FOR 
ANALYSIS. 

If the substance has a metallic appearance^ pass on to 
(513). 

« Boil about 20 grains of the powdered substance, 
in a test-tube or small flask, with two or three 
fluid drachms of distilled water for a minute or two. 

(a) The aubstance ia entirely dlaaolved. Pass 
on to (517). 

(h) An inaoluble reaidue ia left. Set the tube 
aside for a few minutes, to allow the residue to 
settle. Pour the liquid upon a Alter (leaving the 
residue in the tube, if possible), and reserve the 
solution for examination according to Table X. 
Wash the residue once or twice with water, by 
decantation, if possible, or upon the filter (not 
allowing the washing waters to mix with the 
solution first filtered), and proceed as in (504),* 
Boil the residue in a tube or flask, with about a 
drachm of stkong hydiiociiloiuc acid (unless 
silver or lead be suspected, f when nitric acid must be 
employed) for a minute or two,J add about an equal 
quantity of water, and again boil. 

(a) The Bubstance la entirely dissolved. Pass 
on to Table X. 

(h) An insoluble residue Is left. Add a few 

drops of STRONG NITRIC ACID (or of liydrochloric 
if nitric acid was employed before), and again boil. 
Should this fail to dissolve it, add more water, 
boil, and filter, § reserving the clear solution for 
examination by Table X. W ash the residue upon 
the filter as long as the washings are acid to litmus 
paper, dry it, and treat it according to (505). 

♦ If the residue has been collected upon a filter, it may either bo washed 
through the perforated filter with as little water as possible, or it may be 
hied and carefully detached. 

t From the preliminary blowpipe examination. 

i If red oxide of iron bo present, prolonged digestion with hydrochloric 
acid is often necessary. 

§ Should any gelatinous silica have separated, as is the case when slags, 
cements, and zeolitic minerals are decompused by acids, it will be advisable 
to evaporate the mixture to dryness, and to treat the dry residue with hydro- 
chloric acid so as to leave all the silica undissolved. The liquid may then 
bo filtered. 
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ANALYSIS OF A COMPLEX COMPOUND, 
INSOLUBLE IN WATEK AND ACIDS * 

505 insoluble substance is black. 

Heat a small portion of it ii])on a piece of plati- 
num foil ; if it burns entirely away, it contains nothing 
but carhon and ])erhaps i^nlpJinr, wbicb may be recognised 
by its odour ; but if any incombustible residue be left, the 
substance must be examined according to (oOb). 

(h) The insoluble substance is not black. 
Heat a small portion upon a piece of platinum foil, to as- 
certain whether it contains any mclpli ar ; if any incom- 
bustible residue be left, examine the original insoluble 
substance according to (oOd). 

Fuse a small portion of the insoluble substance 
on charcoal, with carbonate of soda, before the 
blowpipe (Ibb) and examine very carefully, to vsee if it 
contains any lend, fin, ail err, or other easily reducible 
metal ca] table of corroding ])latinum. 

(cf) Indications ot' reduced inriid are obtained. Pass on 
to(510)._ 

(Jb) Nn nuinl is obtained. Examine as in (507). 

Kediice the insoluble substance to a very fine 
powder, t and reserve one-fourth of it for examina- 
tion by (509). Mix the remainingthree-fourths with about 
four times its weight of carhon atk op soda (or better, of 
the carbonate of potash and soda) and fuse itX in a plati- 
num crucible, or ca]>sule, or upon a piece of platinum foil, 
over a blowpipe-fiame, retaining the mass in a fused state 
for several minutes. After cooling, place the crucible and 
its contents in water, and digest, at a moderate heat, with 
occasional stirring, until the fused mass is entirely de- 
tached from the crucible, which may then be removed. 
When the fused mass has been thoroughly disintegrated, 

♦ The chief giibstnnocs which would remain undissolvcd after the above 
treatmeut are the fuljihufeH i>f baryta, ttfrontia (;md pOhHibly of /tweand ojride 
qflead), chloride qf sih-er, nlicic arid, and the HUicatea of any of the metallio 
oxides; aluD'ina and oxide of chromium in certain gtates, Jlu ridr qf calcium, 
hinoxide of tin, aninnouic add, vhronedron ore, sulphur, charcoal. 

t Should any earbon or sulphur have been discoveied in it (505) the giUi- 
stance should be calcined in an open crucible until these are burnt off. 
t See note to (491). 
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filter the solution, aud examine it as in (508). ITie residue 
on the filter is well washed until the washings are no 
longer precipitated by chloride of barium, some hot dilute 
HYDKOC jiLOKic ACID is poured over it, and should this fail 
to dissolve it, it should be rinsed into a tube and boiled 
with the acid. 

(a) The residue is entirely dissolved. Evaporate 
the solution to dryness (to convert the silica into 
the insoluble form), and heat the residue with 
DILUTE iiYDEocnLORic ACID. Filter the solution 
from any and examines it for metals ac- 

cording to Table X. except for potassium and 
sodium, which must be sought for by the method 
described at (509). 

(h) An Insoluble residue is left. This should be 
washed once or twice, and boiled with strong 
iiYDKociJLORic ACID (the hydrochloric solution being 
treated as in (n), ) and should this fail to dissolve 
it, the residue, which consists of some substance 
(such as chrome-iron ore), not attacked by the 
alkaline carbonates, should be dried and fused 
with a mixture of equal weights of carbonate of 
soda and nitrate of potash, on platinum foil. On 
treating the mass with water, the solution, which 
is yellow if chromium be prcscuit, may be examined 
as in (508(f) 1 a l)art being reserved for examina- 
tion for acids by (Table XYll.). The residue, 
after washing, may be digested with strong 
hydrochloric acid, which will now at least partly 
dissolve it,t and the solution may be examined as 
in (a), 

508 solution obtained by digesting the original 
fused mass from (507) in water is divided into 
two parts, to be examined according to a and h, 

♦ The silica may bo identified by its easy solubilitv in hot solution of 
potash. Titanic acid is occasionally leR behind with the silica. It may be 
detected by fusing the dried silica witli bisulphate of potiish, and treating 
the fused mass with water, which will dissolve the titanic acid. On filtering 
the solution, lartrely diluting it with water, and boiling for an hour, the 
titanic acid will give a milky precipitate, which may be collected and identified 
by fusing with a bead of raicrocosinic salt in a good reducing flame, when a 
pearly blue bead will be obtained. Titanic acid has a remarkable tendency 
to adhere firmly to the glass vessels. 

t Any portion still remaining insoluble must be tested before the blowpipe 
(165, &c.). ^ ^ 
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(a) One portion is acidulated with hydrochloric acid 

and evaporated to dryness, to render the silica 
insoluble. The residue is warmed with dilute 
hydrochloric acid, any silica being filtered off, 
and examined (see note to 507u), and the solution 
tested for metals (Table X.), especially for alumi- 
Qiiumy chromimn, tin, and ziiiCf which may exist in 
alkaline solutions. 

(b) The other portion of the solution may be examined 

for acids by (Table XVII.), though it is seldom 
necessary to test insoluble substances for other 
than sitlplmric (d70), silicic (41i)), 1 i ij dr o chloric 
‘ and liijdrojlitoric (400, 400). 


EXAMINATION OF INSOLUBLE COMPOUNDS 
FOR POTASSIUM AND SODIUM.* 

The finely powdered substance is intimately 
mixed with one part by weight of i-'j.owers of 
SULPHUR, and six parts of nitrate ok RAinTA; the mixture 
is heated in a porcelain crucible over a spirit-lamp, or air- 
gas flame, until the deflagration is over. After cooling, 
the fused mass is detached with a knife, finely powdered, 
thrown into boiling water, in a dish, boiled for a minute 
or two, and filtered from the sulphate and silicate of 
baryta, Ac., which may remain. Tlie filtrate is mixed with 
ammonia and carbonate of ammonia, to separate baryta 
and other alkaline earths which may be present, and after 
these have been filtered off, the solution is evaporated to 
dryness, the dry residue calcined as long as any fumes are 
evolved, and further treated as in (Table XVI.).t 

510 metal was reduced in the experiment with 

® the blowpipe (50b), examine it carefully to see if 
any certain inference can be drawn from its malleability, 
Ac., and proceed to examine the rest of the insoluble sub- 
stance according to (511). 

* This is not generally necessary unless silicic acid or hydrofluoric acid has 
been found in the previous examination. 

t This process will generally be found more convenient than the older 
method of fusing with h^ydrate of baryta. 
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I/J-IC IJJlOlJXLlUXd substance with a strong solu- 
tion of ACETATE OP AMMONIA (prepared by mixing 
acetic acid with ammonia in excels) for a few minutes. 

(a) It is entirely dissolved, and consisted therefore 
of sul^ihoie of lead or chloride of silver. Add to 
the solution a slight excess of nitric acid, which 
will precipitate the chloride of silver, and test for 
lead, in the filtered solution, with hydrosulphuric 
acid. 

(h) A residue is left 9 filter the solution, and test it 
as in (a), for suljdiate of lead and chloride of 
silver. Wash the residue and treat it as in (512). 
Heat a small portion of the residue on platinum 
foil. 

(a) It burns entirely away ; and consists there- 
fore cither of sidphnr (known by the odour), or of 
earhon (known by the colour), or of both. 

(5) An Incombustible residue is left. Dry the 
whole of the insoluble residue from (5115), and 
heat it to dull redness in a porcelain crucible until 
all the sulphur and carbon, if any be present, are 
burnt off : then carefully examine a part of the 
residue on charcoal, with carbonate of soda, to 
see if it still contains any reducible metal. If no 
metal be found, examine it as in (507), but other- 
wise, proceed as follows : — 

Mix the finely powdered residue with twice its weight 
of dry CAKEONATE or SODA, twice its weight of finely 
powdered chaticoal, and twelve times its weight of dry 
NiTEATE OF FOTASif. Placc the mixture in a perfectly 
clean iron tray, or a thin porcelain dish, and kindle it in 
the centre with a lighted match.* 

When the fused mass is cool, boil it with water in a 
porcelain dish, with occasional stirring, until it is entirely 
disintegrated, when it may be filtered off. Examine the 
filtered solution as in (508). 

The residue on the filter is well washed till the washings 
are no longer alkaline, some hot dilfte nitric acid is 
poured over it, and should this fail to dissolve it, it should 
be rinsed into a tube and boiled with the acid. 

* Another method consists in fusing the substance with carbonate of soda 
or carbonate of potash and soda as in (ii07) using a porcelain instead of a 
platinum crucible, but the porcelain is generally corroded, thus necessitatin g 
a separate examination for silica and alumina. 
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(a) The residue is entirely dissolved. Evaporate 
the solution to dryness, to render silica insoluble, heat the 
residue with dilute nitric acid, filter from any silica 
(see note to 507a) and examine the solution for metals as 
in (Table X.), except for potassium and sodium, which 
must be sought as in (509). 

(?>) An Insoluble residue is left. Filter this off, 
and examine the solution as in (a). Examine the residue 
according to (507i). 


EXAMINATION OF A COMPLEX SUBSTANCE 
HAYING A METALLIC APPEAEANCE. 

The substance is reduced to as fine a state of 
division as possible, and about 10 grains of it are 
boiled with djlute nitric acid, in a flask or large test- 
tube, as long as any action appears to take i)laee ; about 
an equal quantity of water is then added, and the mix- 
ture again boiled. 

(a) The substance is entirely dissolved. Pass on 
to (Table X.). 

(h) A residue is left^ the solution is filtered or 
poured ofl‘ from the residue, and examined accord- 
ing to Table X. Examine the residue as in (514). 

514 The residue is well washed, dried, and calcined 
in a porcelain crucible at a moderate heat, any 

indication of the presence of suJ])]mr being carefully looked 
for. 

(a) The substance bums entirely away. It 

consists of sulph ur only. 

(5) An incombustible residue is left. If this resi- 
due be ligrht-coloured, it may contain hinoxide 
of tin, nn.timo'nlc acid, or sidphate of lead, and 
should be examined by (516). If the residue be 
dark-coloured, it may contain, in addition to 
those substances, gold, jdntintim, and carbon in 
the state of graphite. Examine it as in (515). 

515 dark-coloured residue with a mixture of 
UYDKOcHLoiuc ACID with one-third of nitric acid. 

(tt) It is entirely dissolved, and therefore probably 
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consisted of finely divided gold or platinum, or 
both. Test one part of the solution for gold with 
PROTOCHLOiUDE OF TIN (494?>), and another for 
platinum with chloride of ammonium.* 

(h) An Insoluble residue is left. This may consist 
of sulpliate of lead, a<ntimonic add, hmoxidc of tin, 
arsenic acid (all white), and carho)i as graphite. f 
If the residue is black, heat it to redness for 
some minutes upon a strip of platinum foil ; if it 
burns entirely away, it is sim]^ly carbon ; but 
should it be white, or leave an incombustible re- 
sidue, treat it as follows : — 

Boil with a strong solution of acetate of ammonia 
(acetic acid mixed with ammonia in slight excess) 
for a few minutes. 

(a) The substance is entirely dissolved ; test the 
solution for sulplmfe of lead as in (489). 

(h) A residue Is left. Filter the solution, and test 
it for lead (201). Dry the washed residue and 
mix it ill a porcelain crucible with three or four 
parts of powdered cyanide of potassium. Cover 
the crucible, heat it strongly till the contents are 
in a state of ])erfect fusion, and kee]3 it so for ten 
minutes. (Observe whether there is any garlic 
odour, indicating arseu ic). When the crucible is 
cool, fill it with boiling water, and stir well, in 
order to dissolve the cyanate of potash and 
cyanide of potassium; allow the uiidissolved por- 
tion (possibly tin, antimony, arsenic, and carbon) 
to subside, wash it by decantation, J rinse it into 
a test-tube, and boil with a little strong hydro- 
chloric ACID for a few seconds. Decant a little 
of the hydrochloric solution into another tube, 
and tost for Tin with pkrchloride of mercury 
(230). To the rest of the acid (on the residue) 
add a drop or two of nitric acid, and continue to 

* Some sulphate of lead would also be dissolved by the mixed acids, but 
need not be refrnrdcd. 

t Some of the rarer metals, such as the alloy of osmium and iridium, 
might also be expected here, as might also titanic acid. Although arsenic 
acid is very soluble when alone, it may occur here in the form of an insoluble 
compound with i)inoxide of tin. 

% If there be any metallic globules, try them as to their malleability. If 
they are brittle, it is well to pound them in a mortar before boiling with 
hydrochloric acid. 
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boil. Any Carhon will remain nndis solved. The 
acid solution is mixed with an excess of saturated 
HYDRosuLPHUiiic ACID: the precipitate collected 
upon a filter, and examined as directed in Table 
XII. (Solution C 1). The filtered solution is 
mixed with more hydrosulphuric acid and boiled, 
when the formation of a yellow precipitate indi- 
cates Arsenic, 

EXAMINATION OF A LIQUID SUPPOSED TO 
CONTAIN TWO OB MOBE METALS AND 
NON-METALS, OB BASES AND ACIDS.* 

--n Examine the li(iuid as directed in (496, 497, and 
498). 

(a) The solution is neutral or acid ; pass on to 
Table X. 

(?>) The solution is alkaline ; pass on to (.M8). 

518 ^ alkaline solution with enouj^h 

DILUTE NfTHic ACTD lo render it distinctly acid. 
If no chang'e is produced, pass on to Table X. 

(a) Effervescence takes place, with evolution of a 
nearly inodorous gas ; presence of an alkaline car- 
bonate ; pass on to Table X. 

(h) The liquid becomes milky ; if the milkiness does 
not disappear on adding more nitric acid, and 
gently heating, it is probably sulphur, and indi- 
cates the presence of a snlphide. or hyposulphite ; 
boil, filter, and pass on to 'J'able X. 

(c) A distinct precipitate separates, which is not dis- 
solved by more nitric acid. Filter off the preci- 

* When a complex compound has been partly dissolved by water, and 
partly by acids, it becomes a question whetlicr tlic solutions should be mixed 
and examined tog’ethcr. In p-eneral, it may be stated that when a knowledge 
of the arrangement of the constituents is desired, the solutions should be 
examined separately, but when the sole object is to learn what metals and 
non-metallic bodies are present, the solutiojis may be mixed, observing these 
precautions before mixing ; — (1) Acidulate the aqueous solution with nitric 
acid, and examine any precipitate as in (.518c) ; afterwards mix the clear 
liquid with hydrochloric acid, and reserve any precipitate to be examined by 
Table XI. { 2 ) Mix the nitric solution with hydrochloric acid, and examine 
any precipitate by Table XI. (3) If, on mixing the acid solutions after these 
precautions, any precipitate be obtained, it must be collected and examined as 
an insoluble substance (506) . 
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pitate and examine the solution by Table X. 
Wash the precipitate, and endeavour to dissolve 
it by boiling with strong hydrochloric acid and a 
few drops of nitric acid ; filter tbe solution, and 
examine it by Table X. If there be any nndis- 
solved residue, it must be washed, dried, and 
examined according to (505). 
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Analysis of a Solution (A) which may contain all the Common Metals. 
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See gg for another method of separating Ba, Sr, and Ca. 
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ANALYSIS OF COMPLEX SUBSTANCES. 


EXAMIlSTATIOlSr OF COMPLEX SUBSTANCES 
FOB NON-METALS AND ACIDS. 

The analyst has a 'portion of the solid substance at his 
disposal. If not, see Tables XV IL, XIX, 

51 d Heat a small portion of the solid upon a piece 

OF BROKEN PORCELAIN, OR A SCRAP OF PLATINUM 

FOIL. 

(a) Blackening*, with evolution of a peculiar 
odour ; Tartaric^ Citri<% Gallic, 'J'an)uc, B(>nzoic 
(odour of frankincense). Oil ric. Acetic or llydrofer- 
rocyauic (odour of ammonia) acid may be pre- 
sent. 

(&) Sulphurous odour ; Sulphur is present, either 
as a Sulphide, a H ypostdphite, or, less probably, 
a Sulphite or Sulphate. 

(c) Rapid combustion or explosion 5 a Nitrate 
or Chlorate, together witli carbon or some organic 
substance, or sulphur, or phosphorus (white tiame 
and thick smoke). 

Heat a little of the solid in a glass tube (478). 

Some of the above phenomena may be observed, 
and, in addition, 

(tt) Deposition of moisture, which may be due 

to the presence of IVh/rr in the solid, or to its pro- 
duction from some organic substance. 

{h) Brown nitrous fumes; indicating a Nitrate. 

(c) Violet fumes ; Iodine or an Iodide. 

\d) Cyanogren is evolved (burning with a pink 
flame) ; a cyaulde or ferrocyanide. 

ail Heat a small portion of the solid with strong 

SULIMJLRJC ACID. 

Befer to (47d) for the phenomena likely to be observed. 
In dealing with a complex substance, it must be remem- 
bered that 

Carbonic acid may either be derived from a carbonate, 
or from the reaction between an oxidizing agent (such as 
chromic acid or binoxide of manganese) and organic 
matter. 

Chlorine may be derived from a hypochlorite, or from 
the reaction between a chloride and an oxidizing agent 



ANALYSIS OF COMPLEX SUBSTANCES. 


165 


(such as nitric acid, chromic acid, or binoxide of man- 
ganese). 

-22 ^ LITTLE OF THE SOLID WITH DILUTE IIYDRO- 

CIILORIC ACID. 

Eefcr to (180) for the phenomena likely to be observed. 
In addition to the remarks made in (521), it must be here 
borne in mind that 

Hydros nl'plbKvlc acid may be derived from a sulphide, 
or from the reaction between a sulphite or hyposulphite 
and some deoxidizing agent (such as metallic zinc), in the 
presence of the hydrochloric acid. 

523 twenty or thirty grains of the powdered 

substance with water, filter t lie solution, if neces- 
sary, and reserve the undissolved jmrtion for examination 
by Table XX. Examine the solution as in (524). 

524* portion of the solution, add dilute sul- 

riiUKic Acnj), and heat gradually to boiling. 

(a) Effervescence takes place even in the cold, and 
a nearly inodorous gas is evolved; presence of 
Carbonic Acid, Confirm by (422). 

(h) The odour of burning* sulphur is perceptible ; 
presence of S'aljdi/tirons or llj/pos uJjdinroiis Acid 
(in the latter case, suli>hur will separate). 

(c) The gas has an odour of putrid eg^g's ; presence 

of Jlydrosulpliiiric Acid or of Sulpli ur combined 
with a metal. 

(d) The smell of chlorine is perceived ; presence of 

H I chlorous or of Cldoric Acid. Confirm by 
(314, 395u, 397). 

(e) Hydrocyanic Acid Is smelt at the mouth of 

the tube ; presence of Hydrocyanic Acid^ or a 
Cyamde, or of Hydro ferrocyanic Acidf or a Ferro- 
cya.nide. Confirm by (436, 440). 

(/) Acetic and Benzoi c Acids will be recognised by their 
characteristic odours. 

Proceed with the examination of the solution according 
to Table XYII. or XIX. 

* It is of course impossible that this solution can contain all the bases and 
acids in the list, since several of them would form salts whicli are insoluble 
in water, as baryta and sulphuric acid, oxide of silver and hydrochloric acid, 
&c. It is consequently unnecessary, after haviiif? determined the bases in a 
mixture of salts soluble in water, to look for any acids which form with them 
salts that are insoluble. (See Table of Solubilities in the Appendix.) 



TABLE XYn. 

Analysis of a Complex Mixture for the Acids and Xon-metallic Bodies. 


166 


§ «.2 S’S 


I ci ^ 2 ti 

^.c^=c3S!2-o ®'-', 

'V uj a 


3 Mr 73 

I rt* 2 *V f ' 

. P 2 i ft 2 1 




rt t>D Ssv ^ 

o '^' r^O 

I ^ c» .s'^ 5 S 5 * - 

2 s fa c w K m S 


ft ~ t-r 
^ H Xi 


! 2 £ Si I S' 

s .ti B w « o S 

Cu-c: Or 2 x > 

; ft-s 

^^ p cu d .£ (K 2 ^ - <» 

s| 

I .H ^ C £ £ !3 
! "s ^ B 2 C 

‘ o' — ‘c/i 

ft 


.-; 2 I S: 

I o <3 I § ^,3, 

^ '^5 2 q o g 

H r- ‘B, H ^ 

« p -r w ft ^ 
ft ft ; 


oT . ft . 

rt <v^rr'®r^2 

|||l|«ci«lj 

>C^e553 x^oO I 




g tr-E.-SS * .■“ S .. § .---S «rS = s,-=^ 6 §5 

T3 »h'^.;5'13'2? 13 B iita — ft.^ i2 p C 

= I 1,5^ 't S'— =■= |'‘-'“'S.‘^ r- 


-T’ B s _-c ^ .« vw' 

ft Qr= « 

^fS^2|=-ssi^SI|ill 

gOr^fc, J -Cga-g^Sjg 

3 "* -g ^ 4 g-§^£SS 



TABLE XVIII. 
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NOTES TO TABLES X, XII. 


Notes to Table X. 

a. When much nitric acid has been used in dissolving 
the substance, the solution should be evaporated to a very 
small bulk, and diluted with water acidified with hydro- 
chloric acid, before testing with hydrosulphuric acid. 

h. Small quantities of manganese may not give any 
precipitate unless the liquid be allowed to stand for 
twelve hours. 

c. If this filtered liquid is brown, it probably contains 
a little sulphide of nickel, or possibly of cobalt, and must 
be evaporated until the excess of sulphide of ammonium 
is expelled (known by the odour), slightly acidulated with 
dilute hydrochloric acid, the precipitate collected upon a 
filter and tested by the blowpipe (142), and the filtered 
liquid mixed with ammonia and carbonate of ammonia. 
In some cases, when much organic matter is present, the 
filtrate from the hydrosuljdiate of ammonia precipitate 
may still contain iron, chromium, &c. In such a case it 
must be evaporated to dryness, calcined till the organic 
matter is consumed, the residue dissolved by digesting in 
hydrochloric acid, and the examination recommenced from 
Solution C. 

d. If this solution be very dilute, it should be concen- 
trated by evaporation. It is also advisable to test it with 
a little oxalate of ammonia, to be quite sure that the 
baryta, strontia, and lime have been entirely removed. 

e. A slight flocculent ]:>recipitate of aluminium phos- 
jihate is occasionally obtained here. 


Notes to Table XII. 

/. If the precipitate be very large, it may be rinsed from 
the filter into a small beaker, and heated with ammonium 
sulphide. 

g. When copper is present, this point is difficult to 
attain, and two or three washings with ammonium sul- 
phide must suffice. ^ 

Ji. If the precipitate be very large, rinse it into a 
beaker, and boil it with the acid. 

i. When gold is present in the substance analysed, it is 
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often found here, and may be detected by adding excess 
of stannous chloride or of ferrous sulphate, when a purple 
brown precipitate is obtained. 

h. If the precipitate be pure white, it is only sulphur, 
and need not be examined. 

l. If the precipitate be large, rinse it into a beaker, and 
heat it gently with ammonium carbonate. A solution of 
ammonium scsqiiicarbonatc saturated in the cold, is best 
adaj^ted for this purpose. 

m. When bisulphide of tin is mixed with sulphide of 
arsenic, it is also liable to be dissolved by ammonium 
sesquicarbonate. In case of doubt, the precipitate pro- 
duced by hydrochloric acid in the carbonate of ammonia 
solution should be washed till free from that acid, dried, 
and added, together with the filter in small jneces, to 
some nitrate of potash fused in a porcelain crucible. The 
cool fused mass is treated with boiling water (which will 
generally leave a residue, if tin is present), enough nitric 
acid added to render it slightly acid, and boiled. Any 
precipitate is collected upon a filter and examined for tin 
by incinerating the filter containing it, fusing the ashes 
with cyanide of potassium, washing any reduced metal 
with water, boiling with hydrochloric acid, and testing 
with mercuric chloride for tin. The solution filtered from 
the precipitate produced by nitric acid is mixed with an 
excess of ammonia, and a mixture of sulphate of magnesia, 
chloride of ammonium, and ammonia added ; on stirring, 
a crystalline precipitate of arseniate of magnesia and am- 
monia will indicate the presence of arsenic. 

n. Ascertain whether the arsenic existed as arsenious 
or arsenic acid by special tests applied to the original 
solution. 

0 . Rj^ecial tests must be applied to the original solution 
to ascertain the state of the tin (whether as a stannous 
or stannic compound), and of the antimony (whether as 
antimony oxide or antinionic acid). 

Notes to Table XIII. 

p. Any white gelatinous residue which refuses to dis- , 
solve is probably silica, and should be tested by the blow- 
pipe. 

q. If the presence of silica be suspected, evaporate to 
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dryness, and redissolve in a little warm dil. HCl, which 
will leave the silica nndissolved. 

If there is reason to believe, from the green or purple 
colour of this solution, that it contains much chromium, 
add sodium carbonate till it is strongly alkaline, boil for 
some minutes and filter. 

Test the filtered solution for phosphoric acid with a 
mixture of magnesium sulphate, ammonium chloride, and 
ammonia. 

Drj the precipitate (burn the filter, if necessary), and 
fuse it with about one part of sodium carbonate and three 
parts of potassium nitrate, on platinum foil, or in a porce- 
lain crucible. 

On cooling, stir the fused mass with boiling water, and 
filter. (Green solution indicates manganese; 3 ’cllow solu- 
tion, chromium.) Acidulate the solution with acetic acid 
and boil. Filter ofi* any brown ])recipitate (MnOo), and 
divide the solution into two jiavts ; test one for chro- 
mium (CrO^) with lead acetate ; mix the other with am- 
monia in excess ; filter off any precipitate (AloO-A and 
test the solution for phosphoric acid with a mixture of 
magnesium sulphate, ammonium chloride, and am- 
monia. 

The residue left undissolved by boiling water is washed, 
dissolved in hot h^'drochloric acid, and mixed with am- 
monia in excess. Filter oft’ the precipitate and examine 
by Table XI 11. 

r. This calcium was most probably present in the 
original substance in the form of oxalate or fiuoride of 
calcium. Examine the original substance for oxalic and 
hydrofiuoric acid by (430, 406). 

s. This precijiitate should be dissolved in nitric acid 
and tested for phosphoric acid with ammonium molyb- 
date. 

t. This alumina must have existed in Precipitate 1, in 
the form of aluminium phosphate. A small quantity of 
alumina is often derived from the potash. 

u. A white precipitate here is probably alumina, a 
brown precipitate, ferric oxide, and a green precipitate, 
chromic oxide. 

V. A green colour of this solution indicates chromium. 
The ordinary potash of the laboratory is liable to contain 
alumina and phosphoric acid. Pure potash or soda should 
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be employed wben small quantities of these bodies are 
sought after. 

w, A yellow mass indicates chromium, a green, man- 
ganese. 

X, A precipitate indicates phosphoric acid. 

y. This phosphoric acid was probably contained in Pre- 
cipitate D as a phosphate of calcium, barium, strontium, 
or magnesium. 

;j. Examine the original solution to ascertain whether 
the iron existed there as a ferrous or a ferric compound 
{see note I on page 144). 

aa. When mnch iron or aluminium is present, magne- 
sium and calcium are often carried down in the j^recipi- 
tate jjroduced by ammonia, although no phosphoric acid 
existed in the solution. 

bh. The state in which the chromium existed in the 
original solution must be ascertained by special tests. 

Notes to Table XIV. 

cc. A white precipitate is probably due to zinc ; a buff 
precipitate to manganese ; a black precijiitate to cobalt 
or nickel. 

dd. This precipitate is often dark-colour(^d, from the 
presence of lead derived from the potash, or of iron 
which has escaj)ed precipitation in consequence of the 
presence of organic matter. To confirm the presence of 
zinc, collect the precipitate on a filter, wash it, dissolve in 
very little nitric acid, add ammonia in excess, filter off 
any precipitate (of oxide of lead or iron), and add potas- 
sium ferrocyanide ; a white precipitate indicates zinc. If 
the quantity be sufficient, another portion of the nitric 
solution may be mixed with excess of sodium carbonate, 
boiled, the precipitate collected on a filter, dried, and 
tested for zinc by the cobalt nitrate test (163). 

ee, A. blue precipitate indicates cobalt ; a green, nickel ; 
a brown, manganese. 

J1\ Test this precipitate (E 2) with a borax bead for 
cobalt, which may be carried down with the manganese 
carbonate. 
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Note to Table XY. 

gq. Another method of analysing the precipitate pro- 
duced by ammonium carbonate is the following: — Dis- 
solve in hydrochloric acid, evaporate to dryness. 1’reat 
the residue with alcohol (ahsohite if obtainable) : barium 
chloride is left undissolved. Mix the filtered solution 
with water, and add hydrofiuosilicic acid to precipitate 
any dissolved barium ; filter the solution and test for 
strontium and calcium as in Table XY., omitting the 
addition of ammonium acetate and potassium bichro- 
mate. 


Note to Table XYI. 

Jill. The detection of potassium and sodium in complex 
mixtures requires very careful work. The residue should 
be dissolved in about 10 or 12 drops only of water, and 
the solution dropped from the filter into three watch- 
glasses. 

Notes to Table XYII. 

ii, BaCL may be employed, unless lead, silver, or (mer- 
curous) mercury is present. 

hh. Substances enclosed in brackets would have been 
detected in an earlier stage of the analysis. 

ll. If the original solution contained a free alkali, a 
brown precipitate of Ag20 may be obtained here. 

mm. If the original solution contained lead, silver, or 
(mercurous) mercury, these must be precipitated by so- 
dium carbonate before adding calcium chloride. 

7171 . If the solution contains lead, silver, or (mercurous) 
mercury, it must be boiled with sodium carbonate, fil- 
tered, and carefully neutralised with nitric acid before 
applying this test. 

00. If an iodide be present, a black precipitate of iodine 
may be formed here. 

pp. If the original solution be alkaline, a brown 23re- 
cipitate of feme hydrate may be obtained here. 
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QUANTITATIVE ANALYSIS. 


Introductory Uemarlcs. 

5^5 In the processes which T have now described, the 
object of the experimenter has been to ascertain 
what substances are present in a given salt or mixture of 
salts, which branch of analysis is called qualitative, I 
will now detail a few processes which have for their object 
the determination of the cpiantlty of the ingredients of 
saline compounds ; this branch of analysis is called quan- 
titative. It is not my intention to enumerate the methods 
which have been devised for the separation and estimation 
of all, even of the more common compounds, but merely 
to give the student a general idea of the subject, by con- 
ducting him through a few simple examples of quantita- 
tive analysis, referring him, if he wishes for more extended 
information, to the larger works of Eose and Fresenius.* 

I will first briefly describe some of the more important 
operations which have to be performed in the course of a 
q^uantitative analysis ; and the student must bear in mind 
tnat the more care he bestows upon them, the more cor- 
rect will be his results; as the loss of a single drop of 
liquid, or the presence of a very small quantity of soluble 
matter left in a precipitate, owing to carelessness in wash- 
ing, will often occasion serious errors. 

• Traits Pratique d’ Analyse Chimique, par II. Eose, of which an English 
translation by Pr. Normandy has been published. 

Chemical Analysis, Qualitative and Quantitative, by C. E. Fresenius, trans- 
lated by Vacher. 
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CHAPTEE I. 


OPERATIONS IN QUANTITATIVE ANALYSIS. 
Fulverization. 


Most substances may be reduced to sufficiently 
fine powder for analysis, by pounding in a 
common Wedgwood mortar ; in some cases, however, it 
is first necessary to break the substance into small frag- 
ments, in one of iron or gun-metal ; or in default of this, 
the substance may be loosely wrapped in strong brown 
paper, and struck with a hammer. When the substance 
is difficult of solution, as in the case of some silicious 
minerals, it is sometimes necessary to reduce it to an im- 
palpable powder in a small agate mortar; and on the 
fineness of this pulverization the success of an analysis 
often depends. 

Drying, 


substances, especially when in the state of 
powder, absorb moisture from the atmosphere, 
which, of course, adds to their 



Fig. 67. Hot- Water Drying 
Oven. 


weight. Before weighing out 
accurately the quantity of 
the substance for analysis, it 
is therefore necessary to de- 
prive it of this hygroscopic 
moisture. This is generally 
done by heating it in a small 
basin on the water-bath or 
sand-bath, care being taken 
that the heat does not rise 
so high as to cause decom- 
position. The hot-water oven 
shown in figure 67, is very 
convenient for drying sub- 
stances at a low tempera- 
ture; the sides are made hol- 


low, and filled with water, so that the temperature inside 
never rises higher than 212*^ F. (100° C.)* When a sub- 


stance thus exposed ceases to lose weight, on being 
weighed at short intervals, it may be considered suffi- 
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ciently dry. By uainf? saline solutions, which boil at a 
higher temperature than water, a steady heat, consider- 
ably higher, may be obtained.* 

Weighing, 

Either 20, 25, or 33*3 grains will generally be 
found the most convenient quantity to take for 
quantitative experiments, regard being had to the number 
of constituents to be estimated, and the quantity of the 
substance at our disposal. The quantity may depend 
also on the method we intend to pursue, whether we pro- 
pose to estimate all the ingredients from the same portion, 
or from two or more separate poi-tions of the substance. 
If 20 grains are used, the results multiplied by five will 
give the percentage ; or if 25 or 33*3, they must be mul- 
tiplied by four or three. For most purposes the student 
will find a balance which is capable of weighing within 
one-tenth of a grain sufficiently accurate ; and it should 
be furnished with weights from one-tenth of a grain to 
1000 grains. 

A substance should never be weighed while 
warm, as it causes an upward current of air in 
its vicinity, which tends to buoy it up, and makes it 
appear to weigh lighter than it really is. In quantitative 
analysis, it is, of course, necessary to avoid the slightest 
loss in the weighed portion, as a deficiency in the weight 
of the ingredients would be the consequence, and the 
accuracy of the analysis would be seriously interfered 
with. Most substances in the state of fine powder, espe- 
cially after having been recently ignited, are very prone 
to absorb moisture from the air ; to obviate this, which 
would add materially to their weight, such substances 
should bo weighed in a covered crucible, as soon as pos- 
sible after cooling.f 

!l:SO frequently the case, especially with 

liquids, a substance has to be weighed in a flask, 
dish, or other vessel, the latter may either be counter- 
poised with strips of lead or sliot, which are conveniently 
placed in a pill -box ; or its weight may be previously 
noted, and afterwards deducted from the gross weight. 

• Taylor’s lur-bath is now very ecnerally nsed for drying substanoes. 
t The cooling should be allowed to take place under a glass shade, in which 
a dish of strong sulphuric acid is kept, in order to dry the air. 
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1131 substance is weighed in a watch-glass, the 

last particles should be brushed off with a camel’s 
hair pencil into the vessel to which the substance is 
transferred. 

Solution. 

- Before the ingredients of a substance can be de- 
termined, either qualitatively or quantitatively, 
it is necessary to bring the substance into solution. For 



Fi^. C8. 

without danger of fracture, 
flask. (Figs. 68 and 69.) T] 


this purpose water is to be 
preferred when the sub- 
stance dissolves readily in 
it ; and in the case of tqose 
compounds which are inso- 
luble in water, one of the 
acids (generally hydrochlo- 
ric) is employed, which has 
been found in the course of 
the preliminary examina- 
tion to be the best adapted 
for the purpose. 

The dissolution of a sub- 
stance is almost invariably 
assisted by heat, so that it 
is always advisable to use a 
vessel for the purpose which 
can be heated over a lamp 
as a small beaker or glass 
le latter has the advantage 




Fig. 70. 


Fig. 69. 
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of preventing loss by ebullition or spurting, as any par- 
ticles of liquid that may be projected from the surface 
during ebullition, fall against the inner surface, and run 
back into the flask, especially if it is placed in an inclined 
position over the lamp. Occasional stirring facilitates 
the solution, and, as a general rule, the more finely the 
substance has been pounded, the more readily it dissolves. 
When a substance has to be digested in acid for a length 
of time, with the aid of heat, the evaporation of the acid 
may be in a great measure prevented, by placing a small 
glass funnel in the mouth of the flask (fig. 70) ; the acid 
condenses, and runs back into the flask. 

Preci'pitation. 

When a substance is obtained in solution, the 

various compounds present are in most cases 
separated for the purpose of estimation, by adding to it 
some solution, whicn causes one or more of the ingredients 
to precipitate in the solid state ; as, when we wish to 
estimate the quantity of sulphuric acid in any solution, 
we add to it a solution of chloride of barium, which, if 
added in sufficient quantity, causes the whole of the acid 
to precipitate in the form of sulphate of baryta, which 
being insoluble in water, may be washed without loss, 
and when dry is weighed; the weight of the sulphuric 
acid which it contains may then be calculated from it. 

Precipitation is usually eflPected in beaker glasses of 
the form shown in fig. 68. When precipitating a sub- 
stance in quantitative analysis, it is important that suffi- 
cient of the precipitant be added to throw down the t^hrjle 
of the substance affected by it, as otherwise a deficiency 
in weight would be occasioned : this is easily ascertained 
by adding a drop of the precipitant to the solution filtered 
from the precipitate, which will cause a further precipitate 
if sufficient had not before been added. When the preci- 
pitate is at all soluble, as the bitartrate of potash, or 
ammonio-phosphate of magnesia, it is always advisable to 
allow the mixture to stand several hours before filtering, 
in order to insure the separation of the whole of the re- 
quired salt. When the whole of the precipitate is thrown 
down, it is separated from the solution either by filtration 
or decantation. 
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Filtration, 

The process of filtration is that most commonly- 
adopted for separating a precipitate from the so- 
lution in which it was formed. The paper best adapted 
for the purpose is a thin white blotting-paper, which should 
be free from visible holes, and should leave, when burnt, 
only a minute trace of inorganic matter.* Such a paper 
may be purchased from any of the dealers in chemical ap- 
paratus. It is convenient to keep a stock of filters ready 
cut, of a circular form, and of sizes varying from three to 
ten inches diameter. These ma}’ be made by having cir- 
cular pieces of tin plate of the different sizes, and scoring 
round them with a pencil upon the paper, when several 
sheets may be cut through at once with scissors. 

535 filter when re- 

quired for use, is 
folded twice at right angles 
(fig. 71), opened out into a co- 
nical form, and placed in a 
glass funnel (fig. 7*2), the slop- 
ing sides of which should open 
at an angle of about 60°, and 
should merge into the neck at 
a definite angle, when it will 
be found to match the form of the folded filter, and 
will support it uniformly throughout. When placed in the 
funnel the paper is moistened with water, for the purpose 
of causing the fibres to expand, and thus diminishing the 
sizes of the pores, without at the same time choking them 
with solid particles : if this is not done, and a solution 
mixed with a precipitate is poured into the dry filter, some 
of the finely divided particles of the precipitate are drawn 
into the pores by capillary attraction, and tend to prevent 
the passage of the clear solution through them. The filter 
should never be allowed to reach higher than the top of 
the funnel, as otherwise the weight of the liquid might 
cause the paper to give way; and there would also be 
danger of some of the solution running down the outside 
of the funnel, after passing through the projecting paper. 
It is even better that the funnel should project half an 

* For many precipitates (sulphate of baryta, e.g,), the Swedish filtering 
paper is to be preferred to alt other kinds. 
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inch above the edge of the 
filter. When the filter is 

thus prepared, it may ^ be /(J|^ ^^‘"***‘*^ 

supported either on the ring 
of a retort stand (fig. 73) 
or on a perforated block of 
wood placed on the glass ^ p 

intended to catch the filter- W 

ed solution, the hole being | 

made to fit the funnel. tfSfflJoL 

The solution to be ^ 

filtered should be .^ 1 J 

poured gently down a glass ^ 

rod (fig. 73), so as to fail on 
one of the slanting sides of 

the filter, and not into the " 

apex,as that would endanger , ^3 

the bursting of the paper, 

and cause splashing. A liquid, holding a precipitate in 
suspension, should never be poured higher than within half 
an inch of the mar- 


gin of the filter. 
When the whole 
of the mixture has 
been poured on the 
filter,* fresh water 
should not be add- 
ed for the purpose 
of washing, until 
the whole of the so- 
lution has passed 
through; then, by 
means of a washing- 

• In removing the last 
partii'les of the precipitate 
from the vessel in which 
it has been deposited, a 
glass rod, with one end 
covered with a cap of 
caoutchouc, will be found 
very convenient; in the 
case of a flask, the rod 
may be bent, or a tuft at 
the end of a quill may be 
used. 



Fig. 74. 
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bottle (101), the precipitate left on the filter is well 
washed ; the current of water being applied first towards 
the upper part of the filter, and directed gradually down- 
wards (fig. 74). "When the filter has been thus nearly 
filled up with water, allow the whole to run through 
before adding any more, and then repeat the washing, 
until a drop of the filtered liquid leaves no fixed residue 
when evaporated on a piece of glass. If the precipitate, 
while standing in the filter, cakes together into lumps, 
these must be l)roken up by directing upon them a strong 
current of water from the washing -bottle, as otherwise 
the water would not penetrate them, and some of the 
soluble matter would escape removal.* 

-^ 1 - It is sometimes 
necessary to keep 
the mixture hot during fil- 
tration, to prevent any of 
the soluble ingredients so- 
lidifying: this may be 
done very conveniently, by 
placing the funnel in a 
zinc or copper box of the 
form shown in fig. 75, 
which maybe kept full of 
hot water, and boiling, if 
necessary, over a lamp. 

^ The liquid is ge- 

F1A.7S. Hot Water Fa)tering ^ 538 

into a beaker glass, and 
occasionally into flasks or dishes; it is always advisable 
to cause the stream to run gently down the side of the 
vessel, and not to fall drop by drop into the centre of the 
glass, as this would cause splashing and probably some 
loss. It occasionally happens that some of the precipitate 
passes through with the filtered solution, as may be seen 
in the case of freshly precipitated oxalate of lime or sul- 
phate of baryta. When this takes place, it is sometimes 

• Many precipitates are washed with hot water ; for this parpose a flask 
must be employed which is furnished wi<h tubes like the washinf^-bottle, and 
can be heated over a lamp. In many cases, for example, in that of oxide of 
copper precipitated by potash, it will be found advantageous to allow the pre- 
cipitate to subside, decanting the clear liquid by degrees through the Alter, 
and to boil the precipitate with water, afterwards allowing it to subside as 
before. When this process has been repeated once or twice, the precipitate 
may be thrown upon the filter, and the washing completed. 
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necessary to pass it through the filter twice or three times 
before it comes through quite clear. This may, .however, 
in most cases, be obviated by boiling the mixture before 
filtering, which causes the finely divided particles of the 
precipitate to aggregate together. The presence of some 
saline matters in solution, also, sometimes prevents a 
precipitate passing through : chloride of ammonium, for 
example, exerts this property with sulphate of baryta. 

When the precqDitate on the filter is completely 
washed, the funnel, with its contents, is placed 
on a small tripod, or retort stand, on the warm sand-bath, 
or near a fire, when the precipitate will gradually dry ; it 
may then be separated from the filter, ignited in a small 
latinum or porcelain crucible (unless decomposable at a 
igh temperature), and weighed. 

Precipitates may be 
very rapidly dried by 
supporting the funnel and filter 
containing them in a beaker 
with the bottom out, and 
placing this upon a piece of 
strong coarse wire network, 
resting upon a tripod stand 
(tig. 76), over an Argand burner 
with a very small flame. In 
order to prevent any dust from 
falling into the precipitate, it 
is advisable to cover the funnel 
with a piece of filter- paper, se- 
cured by folding down over the 
rim. 

5^1 cases where the quantitjr of the precipitate is 
very small, and where it will not bear a red heat 
without decomposition, it may be weighed in the filter, 
which should be placed in a covered porcelain crucible of 
known weight, dried at 212°, and weighed before the 
precipitai^ is collected upon it. When the precipitate 
on the filter has been thoroughly washed, the latter is 
partly dried in the funnel, placed in the crucible, dried 
as before, and as soon as it is cold, again weighed ; when 
the increase in weight will, of course, be that of the pre- 
cipitate. A light beaker, about 2 ^ inches by IJ inch, 
covered with a light watch-glass, is very convenient for 



Fi^. 76. 
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DECANTATION. 


weighing dry filters. Their weights should be now 
written upon them with a diamond. 

It is often necessary, before weighing a precipitate, 
to burn the filter containing it. After the greater 
part of the precipitate has been removed by gently rubbing 
the sides ot the filter-paper against each other, the filter 
is held with a pair of pliers or in a piece of platinum 

wire, and set fire 
to, over the cruci- 
ble in which the 
precipitate is to 
oe ignited, the 
crucible being 
placed in a basin, 
or upon a sheet of 
glazed paper, in 
case any of the 
ashes should fall 
over its sides (fig. 
77); these are then 
collected and ig- 
nited in the open crucible, together with the portion of 
the precipitate previously removed from the filter, until 
the whole of the charcoal derived from the paper is burnt 
away. In cases of great accuracy, the weight of the 
paper ashes, ascertained by weighing those derived from 
six or eight similar filters, must be deducted from the 
gross weight ; when the paper is good, however, it does 
not contain more than one to three-thousandths of its 
weight of inorganic matter,* so that this precaution is 
scarcely necessary in ordinary cases of analysis. 
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Decantation, 

When a precipitate is found to subside rapidly to 
the bottom of the liquid, and when it is known to 
be very insoluble in water, it may be washed by ^decanta- 
tion, instead of on a filter, and in many cases tnis is the 
more expeditious method. The mixture is placed in an 
upright jar or beaker, which is then filled up with water, 
and allowed to stand until the precipitate has subsided 

* Consisting; chiefly of silica and alumina, but containing a little lime, 
magnesia, and peroxide of iron, with carbonic acid and sulphuric acid. 
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to the bottom, leaving 
the supernatant liquid 
clear. Tlie latter is 
then removed with a 
syphon (fig. 78), or 
carefully poured off, 
and the jar again filled 
up with distilled water, 
the process being re- 
peated until all the 
soluble matter has been 
removed. The wet pre- 
cipitate is then placed 
upon a filter, or dried in a dish, and weighed. 
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Evaporation, 

The process of evaporation is generally most 
conveniently effected in Berlin porcelain evapo- 
rating basins, either on a sand-bath or over a lamp.* 
Care must be taken, in quantitative experiments, that no 
loss is occasioned by spurting, and, on this account, it is 
safer not to allow the liquid absolutely to boil. When a 
saline solution has to be evaporated to dryness, it often 
becomes covered, when concentrated, with a pellicle of 
solid matter, preventing the escape of the steam, which, 
being thus confined, occasionally causes some of the 
mixture to be projected violently from the basin. The 
best way of avoiding this, is to stir the mixture con- 
stantly with a glass rod, from the time when the pellicle 
begins to form until it is evaporated to dryness. Or the 
evaporating dish may be loosely covered with a dial-glass 
placed with its convexity downwards, so as to prevent the 
chilling of the surface and consequent deposition of the 
solid crust. 

It is often advisable, and in the case of many 
liquids, as those containing organic matter, 
necessary, to evaporate over a water-bath ; by this means 
the heat is never allowed to rise higher than 212° F. 
For this purpose, a common saucepan, or almost any 

• A ring (Argand) gas burner, without a chimney, is exceedingly well 
adapted for evaporation in quantitative analysis. 
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Fig. 79. 


vessel used for boiling water in, 
may be employed, placing the dish 
containing the solution over the 
top, as shown in figure 79, so as 
to expose it to the action of the 
steam. For the laboratory, a con- 
venient form of water-bath is 
shown in figure 80 ; it may be 
made of copper or zinc plate, and 
the holes should be fitted with lids, 
to cover them when not wanted. 

A convenient method of 
^ drying certain substances 
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Fig. So. HotrWater Fatb. 


which are liable to decomposition at a slightly elevated 
temperature, is to place them under the receiver of the 

air-pump (figure 81), 



over an open pan of 
strong sulphuric acid: 
the latter absorbs the 
moisture which rises 
from the substance, 
and a gradual and 
complete desiccation 
may be effected at 
ordinary tempera- 
tures. The (fishes 
containing the sub- 
stance to be dried 


may be placed on a 
sheet of perforated zinc, resting on the pan of acid. If 
an air-pump is not at hand, the same effect may be pro- 
duced, though more slowly, by placing the receiver, en- 
closing the substance and acid, upon a flat piece of glass. 
Owing to the slowness of the evaporation, this method is 
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well adapted for obtaining large and well-defined crystals 
from saline solutions, &c. 

S47 Wben a uniform temperature is required, higher 
than 212° F., it may be obtained by immersing 
the dish or flask containing the substance to be evaporated 
in a bath of oil or some saline solution, the boiling point 
of which is near the desired temperature. Olive oil may 
be heated to nearly 500° F. (200° 0.) without sufiering 
much decomposition, and forms an extremely useful bath 
for many purposes, since, by regulating the lamp, and 
placing a thermometer in the oil, any lower temperature 
can readily be kept up. 

A bath of melted paraffin is very convenient for tem- 
peratures between 212° F. (100° C.) and 400° F. (201° C.), 
or even somewhat higher. A temperature of 224° F. 
(107° C.) may be maintained by means of a saturated so- 
lution of common salt, whilst a bath of chloride of calcium 
or chloride of zinc may be maintained at almost any re- 
quired temperature, according to the strength of the 
solution. An air-bath, or metallic box, with a chimney to 
create a draught, and a few air-holes near the bottom, is 
most tiseful for operations at temperatures above the 
boiling point, especially if provided with an automatic 
gas-regulator. 

Ignition, 

It is generally necessary, previous to weighing a 
precipitate, in quantitative analysis, to heat it to 
redness, in order to insure perfect dryness. This is usually 
done in a weighed platinum or porcelain crucible, either 
in a furnace or over a lamp. Wnen the 
crucible is to be heated in the furnace or 
open fire, it should be enclosed in one of 
earthenware, to protect it from contact 
with the coals and dirt, a little magnesia 
being interposed between the two (note 
to 491). If the lid is made of the form 
shown in figure 82, it may also be used 
as a capsule, independently of the cru- Fig. 82 . 
cible. 

5^9 available, scarcely any other source 

of heat is necessary for the purpose. A small 
platinum crucible may be heated to low redness over the 
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GAS BUBNEBS. 


naked flame, resting on a small wire triangle placed on 
the top of the chimney (fig. 83). 

A mixture of gas and air, however, gives a much more 
intense heat, owing to the more perfect oxidation of the 
combustible matter : such a mixture is easily obtained by 
placing a small piece of wire-gauze over the chimney, and 
applying a light to the mixture as it rises through the 



Pife,83, Fi6.84. Gauze Bunsen’s 

Burner. Burner. 


gauze (fig. 84). Bunsen’s burner (fig. 85) also furnishes 
an excellent flame of the mixture of gas with air. The 
crucible may be supported on a wire triangle. 

A gas blowpipe, supplied with air by a double-action 

bellows, is now to be found 
in most laboratories. When 
the crucible is to be raised 
to a very high temperature 
it should be surrounded by 
a jacket of thin iron plate, 
to prevent loss of heat by 
radiation. 

When gas cannot be had, 
the best lamp for heating a 
small platinum crucible to 
redness, is that known as 
Rose’s, the form of which is 
shown in figure 86; either 
Fi^.86. Roses Spirit Lamp, methylated alcohol or pyr- 
oxylic spirit may be burnt in it.* 

* The Berzelius spirit-lamp is safer than Bose's, since the reservoir of spirit 
is not placed so near the^ame. A small charcoal tire may also be used with 
great advantage when gas is not to be bad. 
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Calculation of Beeults. 

- j-H When the weight of a precipitate has been' as- 
certained, it is necessary to calculate that of the 
constituent, the weight of which we wish to learn, and 
this is readily done according to the well-known laws of 
combination in definite proportions. 

For example, let us suppose that we have to determine 
the percentage of (SO 3 ) in dry sulphate of soda 
(Na 20 ,SO 3 ): we dissolve twenty grains of the salt in 
water, precipitate the sulphuric acid by means of chloride 
of barium, and weigh the sulphate of baryta thus ob- 
tained : from this we have to deduce the weight of the 
sulphuric acid which it contains ; n.nd lastly, to calculate 
from this the percentage equivalent to it. We find the 
weight of the sulphate of baryta obtained to be 32 ‘80. 
Knowing the molecular weight of sulphate of baryta 
(BaOjSO.,) to be 233, and that of sulphuric acid (SO 3 ) to 
be 80, it is easy to calculate how much of the acid is con- 
tained in 32*80 grains of the precipitate, thus : — 

Mol. wt. of sulph. of Mol. wt. of SO3 Wt. of Kulph. of Wt. of sulph. acid 
baryta. baryta obtainerl. in 32*80 pnrs. of 

' — r V — ' Y ^ sulphate ofbaryta. 

233 : 80 :: 32*80 : 37=11*26 

Thus we find that twenty grains ol* the dry sulphate of 
soda contain 11*26 of SO 3 ; and we have now only to 
reduce it to a percentage, to complete the calculation, 
thus : — 

20 : 11*26 100 : aj=56*30 SO 3 in 100 parts of dry sul- 

phate of soda Or, as 20 is the fifth part of 100, the 
same result may be obtained by simply multiplying by 6 . 
11*26x5=56*30. 

'I he molecular weight of any compound is found by 
adding together the atomic weights of its component 
elements, taking as m*any atoms as are indicated in the 
formula. Thus, the molecular weight of BaS 04 is 
137(Ba) +32(S) +16 X 4 ( 04 ). 

A Table of Atomic Weights will be found in the 
Appendix. 
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CHAPTEE II. 

EXAMPLES IN QUANTITATIVE ANALYSIS. 

SECTION I. 

Quantitative Analysis of Sulphate of Copper, 

j-j_« Rough weighing of the sample for analysis. — Cut 
two equal squares of writing-paper, about two 
inches across, double them and place them in opposite 
pans of the rough balance. Place 100 grain weight (or 6*5 
grammes*) upon one of them, and into the otlicr, opened 
out so as to form a gutter, place the crystals of sulphate 
of copper, until they counterpoise the weight in the oppo- 
site scale. 

- Removal of adhering moisture. — Eeduce the crys- 
tals to powder in a mortar, place it between 
two or three folds of blotting-paper, and press. Eepeat 
this with fresh blotting-paper if necessary, till the salt no 
longer moistens the paper. Preserve the dried salt in a 
well-closed dry tube. 

Exact weighing of the sam'ide for analysis , — 

99:3 ^ watch-glass (or a light porcelain dish 

or crucible), and mark the weight upon it (on the glass 
with a diamond, on the porcelain with ink). Add 20 
grains (or 1*0 gramme) to the weights on the scale, and 
carefully pour the salt from the tube into the watch-glass, 
until the requisite weight has been taken.f 

Esthnation of the water of crystallization . — 
Weigh a porcelain crucible with its cover, and 
mark the weight upon each with ink, appending a letter 
to the weight (thus, A 234'12), in order that the same 
cover may always be used. Place the crucible upon a 

♦ The grammes corresponding to the weights in grains are here given only 
in round numbers, to save trouble in counting weights. Thbles of Conti- 
nent*! Weights and Measures will be fuui.d in the Appendix. 

t If a very accurate balance be used, it is difficult and tedious to weigh out 
any given quantity. It is better to place about the required quantity in the 
watch-glass, and to determine the exact weight of the watch-glass and sub- 
stance, from which the weight of the glass may afterwards be deducted. 
Never leave a good balavce on the swing whilst the weights are being adjusted, 
ho not touch the weights with the fingers. Always arrange the weights in 
order on the floor of the balance, and count them carefully before restoring 
them to the box. Enter the wcghts in a note-book on the spot. 
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half-slieet of Brnootli paper, and transfer to it the twenty- 
grains of sulphate of copper previously weighed. If any 
particles adhere to the watch-glass, brush them off with a 
camel’s hair pencil, and return to the crucible any par- 
ticles which have fallen on -bo the paper. Place the cru- 
cible (uncovered) in the water-oven (fig. 67) for about two 
hours allow it to cool (covered) under the desiccator 
(fig. 81), and weigh it. Repeat the weighing at intervals 
of naif an hour until no further loss is observed. The loss 
is then calculated upon 1 00 parts of the salt. 

555 Estimation of the wafer of constitution , — Place 
the open crucible with its contents, from (554), 
over the Argand burner (fig. 8^1), so that it may be heated 
to about 300° F. ( 149° C.), for half an hour ; cool it under 
the desiccator, and weigh it ; repeat the weighing at in- 
tervals of a quarter of an hour till no further loss is 
observed. Calculate the percentage from the original 
weight of the sulphate of copper. 

Estimation of the sulphnric acid . — Weigh out 
20 grains (or 1*5 gramme) of the sulphate of 
copper, as in (553), transfer it to a pint beaker, rinsing 
any adhering portions from the watch-glass with the 
washing- bottle. Dissolve it, with the aid of heat, in 
about half a pint of water, add a few drops of hydro- 
chloric acid, and heat the solution nearly to the boiling 
point (fig. 68), (but without allowing it to bubble). Boil 
some solution of chloride of barium, and add it gradually 
to the hot solution of the sulphate, f stirring it with a 
glass rod, until no further increase in the quantity of the 
precipitate is observed; allow the precipitate to settle 
partially, and pour some more chloride of barium care- 
fully into the clear liquid, to make sure that no further 
precipitate is produced ; rinse the glass rod carefully into 
the beaker, and remove it. Cover the beaker with a dial- 
glass to exclude dust, and set it aside until the precipitate 
of sulphate of baryta has settled down, leaving the solu- 
tion perfectly clear. 

* To ascertain whether all the water has been expelled, place a cold jrlass 
plate upon the month of the crucible ; it is Uf^eli ss to weigh as long as any 
dew is deposited upon it. 

t In quantitative analysis, pour the reagent down the side of <he vessel, or 
down a glass rod, to avoid splashing. About 20 grains of crystallized 
chloride of barium are necessary to precipitate the 2o grains of crystallized 
sulphate of copper. 
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clear liquid down a glass rod into 
another beaker, without disturbing the precipi- 
tate (fig. 73), pour about a quarter of a pint of boiling 
water over the latter, stir it up with a glass rod, and allow 
it to settle as before. Take a filter-paper about four inches 
in diameter, make a very neat filter (fig. 20), fit it closely 
into a good funnel (fig. 72), moisten it with water, and 
press its sides closely to the funnel. Pass the clear liquid 
first decanted through this filter (fig. 73), to retain any 
particles of precipitate which may have been poured away 
with it; test the filtered liquid with chloride of barium, 
to be sure that all the sulphuric acid has been removed, 
and throw it away. Again decant the water from the 
precipitate in the beaker, replace it by fresh boiling water, 
and pass the decanted liquid through the filter as before. 
When the precipitate has again subsided, decant the clear 
liquid on to the filter, throwing away the filtrate from 
time to time, so that there may not be much liquid to 
filter again if any of the precipitate should accidentally 
pass through the filter. Finally, rinse the precipitate 
carefully on to the filter with boiling water from a hot 
water washing-flask (fig. 74), taking care not to fill the 
filter above one-fourth of its capacity. Use a piece of 
caoutchouc tube slipped over the end of a glass rod, to 
remove the last portions of precipitate from the beaker. 
Wash the precipitate with boiling water (tig. 74), until a 
drop of the washings, caught upon a slip of glass, and 
evaporated, leaves no appreciable residue. Dry the pre- 
cipitate as in (540). Weigh a porcelain or platinum 
crucible, with its cover, and proceed, as in (541), to cal- 
cine the precipitate and incinerate the paper. Weigh the 
covered crucible with the sulphate of baryta and ash, and 
calculate the amount of sulphuric acid as in (550).* 

Estimation of the oxide of copper . — Proceed ex- 
actly as in (556), but omit the hydrochloric acid, 
and instead of chloride of barium, add a hot solution of 
potash, until the precipitate of oxide of copper has a 
uniform dark brown, nearly black colour. 

Conduct the rest of the operation precisely as in (557). 
A porcelain crucible should be employed for calcining 
the precipitate, and since this is very liable to absorb 

• Never throw precipitates away until the analysis is completed, lest they 
should be required for ascertaining the cause of any excess or deticiency. 
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water from the air, the crucible must be allowed to cool 
under the desiccator, and weighed as quickly as possible. 
Calculate the proportion of oxide of copper in 100 parts 
of the original salt. 

^tatcmeyit of the results of the analysis . — The 
results should be entered in the note-book in 
the following manner : — 

Water of Crystallization, Water of Constitution. 


Sulphate of copper taken . . 20*00 After heating- for I hour . . 246*9(5 

Crucible and cover .... 231*12 „ „ f • 246*92 

After 2 huurs 24S*62 „ „ 1 „ . . 246*92 

„ 2^ „ 248*36 Crucible with salt dried at 212° 248*36 

„ 3 „ 248*36 „ „ „ over 

234*12 Argand 246*92 

Dried salt. 14*24 Wateriest . . 1*44 

Per cent, of original salt . . 7*20 

Water lost . . 6*76 

Per cent. . . , 28*80 


Sulphuric Acid. 

Watch-glass and sulphate of 

copper 89*80 

Watch-glass 69*80 

Sulphate of copper 20*00 

Crucible, cover, and sulphate 

of baryta 252*72 

Crucible and cover .... 234*12 

Sulphate of baryta 18*00 

Corresponding to SOg 6*3862 
Per cent 31*93 


EESULTS OE ANALYSIS OP SULPHATE OP COPPEE. 

Found. Calculated (CuO.SOg,HjiO, 4Aq.) 


Oxide of copper . . . 

. 31*70 . . 

. . 31*85 

Sulphuric acirl (SO3) , . 

. 31*93 . . 

. . 3207 

Water of constitution . 

. 7*20 . . 

7*22 

Water of crystallisation 

. 28*80 . . 

. . 28*86 


99*63 

100*00 


uxiae oj KJopper. 

Sulphate taken 20*00 

Crucible, cover, and oxide of 

coj)per 240*46 

Crucible and cover .... 234*12 


Oxide of copper 
Per cent. . . 


Atomic weights employed, Cu=63*4, 0=16, S=32, 11 = 1, . 
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SECTION IL 

Quantitative Analysis of Chloride of Sodium, 

560 ronglily (551) 50 grains (or 3 grammes) of 

tlie salt, and heat it for ten minutes in an open 
porcelain or platinum crucible over an Argand burner 
(fig. 83). Allow it to cool partly in the covered crucible 
and transfer it, when still warm, to a well closed dry 
tube. 

Estimation of the sodium . — Weigh accurately (553) 
20 grains of the salt (1*5 gramme) ; place it in a 
large porcelain crucible which has been previously weighed, 
with its cover (554), pour upon it about half a measured 
ounce of water, add gradually about twenty drops of 
strong sulphuric acid, stirring with a thin glass rod ; rinse 
the rod into the liquid, remove it, and place the open 
crucible on a steam-bath (fig. 79). When the evaporation 
has proceeded as far as possible, place the crucible on a 
triangle over an Argand burner with a very small flame, 
and continue the evaporation. If any solid crust forms 
over the surface of the liquid, cover the crucible, leaving 
a crevice for the escape of vapour. When white fumes of 
sulphuric acid are observed, the crucible is uncovered, 
and the heat gradually increased till they are no longer 
visible, and the sulydiate of soda in the crucible is quite 
dry. The cover is dried by gradually heating it, and 
placed on the crucible, which is allowed to cool, and 
weighed. A small fragment of carbonate of ammonia is 
then introduced (to decompose any traces of bisulphate 
of soda which might be left), the crucible covered, and the 
calcination and weighing repeated, the crucible being un- 
covered for a minute or two at the close of the calcina- 
tion. Repeat these operations till a constant weight is 
obtained. 

Calculate the weight of the sodium from that of the 
sulphate of soda ; suppose that 24 grains of the latter have 
been obtained. 


Wt. of sulph. soda Sodium in 20 grs. 

Nag obtained. of salt employed. 


142 


46 
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Ddcnnination of the weight of a dried filter . — 
Select a beaker (about 2| inches by 1 j inches) 
and cover it with a watch-glass, which should fit pretty 
closely, with the convexity downwards. Weigh them 
together, and mark the weight upon both with a diamond 
(r)54). Their joint weight should not exceed 450 grains 
(30 grammes). Fold a circular filter, about throe inches 
in diameter, and place it in the water-oven* (fig. 07) for 
an hour : introduce it while warm into the weighed 
beaker, cover it with the watch-glass, and weigh. , Re- 
place the filter in the water-oven, for a quarter of an hour, 
and weigh again. Kepeat this till a constant weight is 
obtained, and note its weight upon the edge of the filter 
with a light joencil mark. 

Estimation of the chlorine . — Weigh accurately 
(553) 10 grains (or 0‘5 gramme) of the dried salt, 
transfer to a half- pint beaker, and dissolve in about 
three measured ounces of water. Heat the solution, add a 
few drops of nitric acid, and add solution of nitrate of silver, 
constantly stirring, as long as the quantity of the precipi- 
tate seems to increa.se. Stir briskly with a glass rod, to en- 
courage the separation of the precipitate, and add a little 
more nitrate of silver to the clear liquid, to bo sure that all 
the chlorine is precipitated.f Leave the glass rod in the 
beaker, and set it aside till the fluid is clear or nearly so ; 
the separation of the precipitate being promoted, if neces- 
sary, by heat and stirring. Filter the liquid through the 
weighed filter (562) upon which every particle of the preci- 
pitate must be carefully rinsed with hot water, wash with 
hot water till a few drops of the washings give no turbidity 
with hydrochloric acid. Dry the filter as in (540) till it 
can be safely lifted into the weighed beaker (562), place 
the latter open in the water-oven for an hour, cover it 
with the watch-glass, allow it to cool under the desiccator 
(fig. 81), and weigh. Repeat the weighing at intervals of 
twenty minutes, till a constant weight is obtained. De- 
duct the weight of the beaker, watch-glass, and filter, and 
calculate the weight of the chlorine from that of the 

* When a water-oven is not at band, filters may be dried in a beaker sus- 
pended in a vessel of boiling' water by means of a perforated metal plate 
through which the beaker passes exactly. 

t About 30 grains of (solid) nitrate of silver are required to precipitate the 
10 grains of salt. 

o2 
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chloride of silver.* Suppose 24*5 grains of chloride of 
silver to be obtained. 

PI Wt. of chlor. silver Wt. of chlorine 

obtained. found. 

143-5 : 36-5 :: 24*5 ; a? 

HESULTS OP THE ANALYSIS OP COMMON SALT. 

Found. Calculated (NaCl). 

Sodium .... 39*32 

Chlorine .... 60*68 

10000 


SECTION III. 

Quaniitative Analysis of Carhonate of Lime.f 

Weigh roughly (551) 50 grains (or 3 grammes) of 
the carbonate of lime, and heat it, very mode- 
rately, in a crucible (555), until dew is no longer deposited 
on a glass plate held over it. Cool it under the desiccator 
(fig. 81) and transfer it to a well closed dry tube. 

--- Estimation of the lime, — Weigh accurately (553) 
20 grains (or 1 gramme), place it in a pint beaker, 
and add about \ pint of water. Cover the beaker with 
a dial-glass, convexity downwards, slip it aside, leaving a 
crevice, and pour nitric acid, very gradually^ down the 
side of the beaker, waiting till the effervescence has sub- 
sided before adding a fresh portion. When the carbonate 
is completely dissolved, place the covered beaker over a 
lamp (fig. 68), and gradually heat as long as any bubbles of 
carbonic acid are observed. Kinse the dial-glass into the 

* The weig:ht of the chloride of fiilvermay be obtained more rapidly (though 
not so certainly by beginners) without using a weighed filter. It is then un- 
necessary to dry in the water-oven, but when the precipitate has been dried as 
in (640), it is transferred from the paper into a weighed porcelain crucible, 
heated till it fuses, and weighed. The filter, with the minute portion of ad- 
hering precipitate, is incinerated as in (642), and the ash weighed. The small 
portion of chloride adhering to the paper becomes reduced to metallic silver 
oy the hjydrogen of the latter. This amount of silver is multiplied by 1*33 to 
convert it into chloride of silver, which is added to the weight of the larger 
portion ; or if it be preferred, it may be weighed as chloride, by heatin^r, first 
with a drop of nitric, then with a drop of hydrochloric acid, and drying in 
the crucible. 

t Either Iceland spar, or pure precipitated carbonate of lime (prepared 
chalk) is best for this purpose. White marble or chalk, not being quite pure, 
will give less accurate results. Iceland spar or marble will not require dry- 
ing, but the others should be dried in the water-oven or over a very low 
flame. 
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beaker and add ammonia, very gradually, stirring with a 
glass rod, until a drop of the liquid decidedly blues red- 
dened litmus.* Add oxalate of ammonia as long as it 
appears to increase the precipitate.f Heat the mixture 
to boiling, allow the precipitate to settle; test the super- 
natant liquid with a little more oxalate of ammonia ; 
pour it through a filter (about inches in diameter), 
collect the precipitate upon the filter ; adopting the pre- 
cautions mentioned in (557), wash it with hot water till 
the washings no longer leave any important residue when 
evaporated on a slip of glass. Dry the oxalate of lime 
upon the filter (540), and i3roceed further as in (542). 
During the calcination of the oxalate of lime, it becomes 
converted into carbonate (with evolution of carbonic 
oxide), but a part of the carbonate is usually converted 
into caustic lime ; hence, previously to weighing, sprinkle 
the calcined precipitate, after cooling, with a little pow- 
dered carbonate of ammonia, moisten it with water, and 
dry it at a very moderate heat. After weighing it, repeat 
the treatment with carbonate of ammonia, until the weight 
is constant.^ Calculate the amount of lime from that of 
the carbonate obtained. Suppose the latter to weigh 
19*85 grains. 


Mol. wt. of carb. Mol. wt. of Wt. of carb. lime 
lime. lime. obtained. 


Wt. of lime found. 


100 : 56 :: 19 85 


ggg Estimation of the 
carbonic acid . — Fit 
up the apparatus repre- 
sented in (fig.87), taking great 
care that the joints are per- 
fectly air-tight, and that the 

• A little alumina or silica or (brown) 
peroxide of iron may possibly be preci- 
pitated here, and if the quantity be of 
any importance, should be filtered off’. 

t About 30 grains of (T} stallized oxa- 
late of ammonia are required to preci- 
pitate the lime from 20 grains of carbo- 
nate. 

t If it be preferred, the carbonate of 
lime may be entirely converted into 
caustic lime by very strong ignition 
over a gas-blowpipe (best in a platinum 
crucible) until its weight is constant. 



Fi^.87. 
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whole apparatus is as light as possible. The flask (a) 
should be capable of containing about four ounces of 
water. The tubes c and d may be very narrow ; \ inch 
will suffice for their outside diameter ; their edges should 
be rounded with the blowpipe flame before passing them 
through the cork ; c passes down to the bottom of the 
flask. The drying tube h may be made out of a light 
broken test-tube, about 2 ' inch in diameter, drawn out to 
a narrow neck, and cut off so as to leave the point open ; 
the edges should be rounded off in the flame. This tube 
should be about inches long.* 

Put a loose plug of cotton wool into the wide end of the 
tube, and thrust it into the narrow end ; fill the tube with 
fragments of (porous, not fused) chloride of calcium as 
large as small peas, insert another loose plug of cotton 
wool before attaching the tube to the perforated cork on 
d. The tube e should be about J-g or 2 inches long, and 
may be made from a broken test-tube. 

Weigh this tube, add 20 grains (or 1 gramme) to the 
weights, introduce more than that quantity of the dried 
carbonate of lime (564) into the tube, and empty out small 
quantities until the weight is correct. 

Pour into the flask six drachms of strong hydrochloric 
acid and six drachms of water ; attach the tube e to a 
horsehair, and sling it in the flask, securing the hair be- 
tween the cork and the glass, so that the tube containing 
the carbonate may hang safely above the surface of the 
acid while the whole apparatus is being accurately 
weighed. After the exact weight has been recorded, close 
the tube c with a piece of vulcanized tubing stopped with 
glass rod ; gradually incline the flask so as to allow the 
acid to act upon the carbonate ; the carbonic acid is dis- 
engaged with effervescence; is deprived of moisture by the 
chloride of calcium, and leaves the apparatus lighter than 
before. When the effervescence has ceased, and all the 
carbonate is dissolved, gently warm the flask, to expel the 
carbonic acid from the liquid, remove the stopper from 
the tube c, fit a cork or a piece of vulcanized tube on to 
the end of 5, to avoid wetting it with the lips, and draw 
air slowly through the apparatus, to displace all the car- 

* A piece of light tubing with a cork and small piece of tube, instead of 
the narrow neck, may be used, if the sharp edges be rounded so as not to cut 
the corks. Or a hole may be blown at the end of a short test-tube, as in fig. 87. 
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bonic acid. Weigh the apparatus and suck air through 
it again, till no further loss of weight is observed. The 
total loss of weight is that of the carbonic acid expelled. 

EESTJLTS or THB iJTALTSIS OP CAEBOXATE OP LIME. 

Found. Calculated (CaO.COg), 

Lime (CaO) ... 

Carbonic acid (CO 2 ) . 44'(X) 

100 *00 


SECTION IV. 

Quantitative Analysis of Sul^Aiate of Magnesia, 

eg— Weigh roughly (551) 100 grains (or 6*5 grammes) 
of the crystallized salt, remove the adhering 
moisture as in (552), and preserve the dry salt in a corked 
dry tube. 

Estimate the water of crystallkafion in 20 grains of the 
salt, as in (554), using an air-bath heated to E. (150*^ 
C.) instead of a water-oven, and afterwards estimate the 
water of constitution in the same portion. 

of the magnesia. — Weigh accurately 
(553) 20 grains (or 1 gramme) of the salt, place 
it in a half-pint beaker, and dissolve it in about two 
ounces of water. Add enough solution of chloride of am- 
monium to prevent the precipitation of any magnesia on 
adding ammonia,* which is then to be added in consider- 
able excess. Phosphate of soda is next added, as long as 
it appears to produce a precipitate, f and the solution is 
briskly stirred with a glass rod, without rubbing the sides 
of the beaker ; the glass rod may be left in the beaker. 
When the precipitate has subsided, add a few drops more 
phosphate of soda to the clear liquid, to be quite sure that 
no further precipitate is produced : cover the beaker, and 
set it aside for at least twelve hours. Collect the preci- 
pitate upon a filter about 4 inches in diameter, using 
water containing one-eighth of its bulk of strong ammonia 
for rinsing the precipitate on to the filter (557) as well 

* About 10 grains of solid chloride of ammonium will be sufficient fot 
this purpose. 

t About 80 grains of crystallized phosphate of soda dissolved in water will 
be required. 
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as for subsequently wasbing it until the washings, after 
being acidulated with nitric acid, give but a faint tur- 
bidity with nitrate of silver. Dry (540) the filter with the 
precipitate ; transfer (542) as much of the latter as pos- 
sible, to a porcelain or platinum crucible which has been 
weighed with its cover, and heat it gradually in the loosely 
covered crucible (fig. 83), finally raising the temperature 
to a red heat. In this way, the precipitate of phosphate 
of magnesia and ammonia (MgNH 4 P 04 ) is converted into 
pyrophosphate of magnesia (Mg 2 P 20 -), which is allowed 
to cool and weighed. It may then be emptied out of the 
crucible (preserving it for subsequent examination if the 
result should prove incorrect), and the filter may be in- 
cinerated as in (542), the resulting weight, inlnufi the ash 
of the filter itself, being added to that of the larger por- 
tion of the ignited precipitate * The composition of the 
latter being ^MgOjPgO^, or MgjPgO;, the amount of mag- 
nesia is calculated by the following proportion ; in which 
the weight of the calcined precipitate is supposed to be 9 
grains : — 

Mol. wt. of pyrophosph. Two mol. wts. of Wt. of ipited Wt. of magnesia 
of majfiiesia. muffncBia. precipitate. found, 

222'6 : 80*6 :: 9*00 ; x 

Estimate the sidiylinric add in 20 grains (or 1 
gramme) of the salt according to (550). 

RESULTS or THE ANALYSIS OP SULPHATE OP MAGNESIA. 

Found, Calculated (MgO.SOg.HaO, 6Aq.) 

Magnesia (MgO) ... .... 16’26 

Sulphuric acid (SO3) . . .... 32*52 

Water of constitution , . .... 7*32 

Water of crystallization . .... 43 90 


100*00 


SECTION V. 

Quantitative Analysis of Arsenious Add. 

MjouirrviiOLUfu of the arsemc.— Weigh accurately 

(553) 5 grains (0'3 gramme) of powdered arsenious 
acid ; transfer to a pint beaker, add an ounce or two of 

♦ The above mode of proceeding^ is recommended, because the filter is very 
difficult to burn in this case, from its retaining traces of phosphate, and it 
can scarcely be heated sufficiently to burn off the carbon on the top of the 
mass of precipitate. 
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water, warm it, and add potash in small quantities until 
the arseuious acid is entirely dissolved. Add about four 
ounces more water and enough hydrochloric acid to render 
the liquid slightly acid. Cover the beaker with a dial- 
glass having a notch cut in it for the passage of the 
delivery-tube from the sul])huretted hydrogen apparatus. 
Pass the sulphuretted hydrogen gas through the solution 
in the covered beaker, until, after disconnecting the tube 
from the gas- bottle, uncovering the beaker, and blowing 
off the gas from the space above the liquid, a distinct 
smell of sulphuretted hydrogen is perceived on stirring 
the latter with the tube. Rinse any splashings off the 
dial-glass into the beaker. Weigh a filter (about 4 inches 
in diameter) which has been dried in the water-oven (562), 
and collect the bright yellow precipitate of sulphide of 
arsenic upon it, using the tube instead of a stirring rod 
to guide the liquid on to the filter.* Wash the precipi- 
tate till the washings are no longer precipitated by nitrate 
of silver, and proceed with the drying as in (563). f Cal- 
culate the weight of arsenic present from that of the sul- 
phide of arsenic (AS2S3) obtained. Suppose the latter to 
weigh 6*2 grains. 


A, Q Wt. of sulph. arsenic 

A’A Asj obtained. 

216 : 150 ;; 6-2 


Wt. of arsenic 
found. 


X 


Estimate the oxygen hy difference — i.e. by deduct- 
ing the weight of the arsenic from that of the 
arsenious acid. 


BESULIS OF THE ANALYSIS OF ABSENIOUB ACID. 

Found, Calculated (A 82 O 3 ). 

Arsenic .... 7575 

Oxygen .... 24’25 


100 00 


Should there be any difficulty in removing the last portions of the pre- 
cipitate from the beaker or tube with a caoutchouc cap (or a tuft at the end of 
a feather), rinse them with a very little water containing a drop of ammonia, 
which will dissolve the sulphide of arsenic, and reprecipitate this by acidi- 
fying the liquid with hydrochloric acid. 

t Two or three hours will probably be required for drying the sulphide of 
arsenic. 
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SECTION VI. 

Volumetric Analysis.^ Acidimeh'y, 

^ 2 ^ Weigh roughly (551) 100 grains (or 6 grammes) 
of puref bicarbonate of soda (NaHCOy), place it 
in a platinum or porcelain crucible, and heat it for a few 
minutes over a gauze or Bunsen burner. (If a platinum 
crucible be used, the Argand burner will be sufficient.) 
Cool the covered crucible under the desiccator (546) and 
weigh. Repeat the heating till the weight is constant, 
and preserve the carbonate of soda (NaoCOg) in a well- 
closed and thoroughly dry tube. 

Measure out 100 grains (or 5’4 cubic 
centimetres) of strong sulphuric acid 
(H 2 SO 4 ) in a pipette ; introduce it into a mea- 
suring flask containing a little water, and make 
it up to 7000 grains (or 500 cubic centimetres = 
litre) with water. Preserve the diluted acid 
in a stoppered bottle. 

These measures arc only given as a guide, so that the acid may 
not be made of any unreasonable strength, and may be adapted 
for other uses. Jf more accurate measures are not at hand, 
ordinary druggists’ measures may be used ; lOt) minims of sul- 
phuric acid being mixed with 16 ounces of water. Pipettes 
(Pig. 8S) are sold, which deliver 100 grain measures when tilled 
to a certain mark on the stem. A 10 c. c. pipette would also 
answer the puri^ose. It is not advisable to suck the acid into 
the pipette with the mouth. The acid should be poured into a 
cylindrical vessel in which it will stand high enough to fill the 
pipette up to the mark on immersion. Mca'^uring-tiasks are 
sold, which contain 7000 grains gallons a decigallon) when 
tilled up to a certain mark on the neck. They are also made for 
the fractions of a litre. Accurate measures may be made by 
the student by introducing known weights of water into the 
vessels, and marking the level with a diamond or hard steel 
point. The Continental scale is the most convenient, because 
I c. c. qf distilled water at 4® C. (39°’2 F.) weighs one gramme. 
The narrower the vessel at the point where the mark is made. 

Fig. 68. the more exact will be the measurement. 

ilof g?s\ 574 Estimation of the amount of sulphuric 
acid in the diluted acid. — Weigh accu- 
rately (553) 10*6 grainsj (or *53 grm.) of the pure car- 

* By volumetric analysis is understood the method of determining the 
quantity of a substance by the use of a measured volume of a reagent of 
known strength. 

t The bicarbonate purchased at the druggist’s is often almost chemically 
pure. It should be tested for sulphate and chloride of sodium. 

X This quantity is taken as being a convenient fraction of the molecular 
weight of the carbonate, which is 1’06. 
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bon ate of soda (572) ; transfer it to a pint flask, rinsing 
in the adhering particles with water, and dissolve it in 
about four ounces of water. Add enough solution of litmus 
to colour the liquid distinctly blue. (It is well to measure 
the litmus roughly, using the same quantity in all 
cases.) 

FiU a hurette (576) with the diluted acid, and after 
measuring it exactly, add it, in small portions at a time, 
to the solution of carbonate of soda in the flask, with 
constant shaking, until the blue colour has changed to 
purple (due to the action of carbonic acid upon the 
litmus). This will happen when somewhat more than 
half the requisite quantity of 
acid has been added. Place 
the flask upon a piece of wire 
gauze over a lamp (fig. 89), 
and boil the solution to expel 
the carbonic acid and restore 
the blue colour. Continue 
the cautious addition of the 
acid, with occasional boiling, 
until the colour of the litmus 
has been changed to a light 
red which is permanent even 
on boiling for some minutes, 
showing that the acid has 
been added in slight excess. 

Note carefully the number of ^^^6* 

measures of acid, and calcu- 
late the quantity of sulphuric acid present. Suppose 
that 680 grains of acid have been used. 

The 10*6 grains (y^th molecule) of carbonate of soda 
employed, would require 9’8 grains of hydrated sulphuric 
acid (HoO.SOji) or y\jth molecule, to neutralize them. 
Hence this quantity was present in the 680 grain mea- 
sures of acid employed. 

Calculate the quantity of sulphuric acid in 1000 grain 
measures (or in 100 cubic centimetres), and record it upon 
the label of the bottle. 

The foregoing experiment should be repeated, when the 
result should be almost identical. It maybe confirmed 
by estimating the acid in a measured quantity of the 
diluted acid, as in (556). 
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TliG 

tity of acid 
in samples of di- 
luted hydrochloric 
and nitric acids may 
be estimated in a 
similar manner. 

enjr A burette 18 & care- 
fully divided tube 
from which a liquid may 
be poured in very small 
portions at a time. One 
of the simplest and most 
convenient is that repre- 
sented in fi?. 90 ; the now 
of the liquid through the 
narrow orifice is checked 
by the pressure of the 
finger upon the wider 
opening. Such a burette 
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is most conveniently filled with a larpe pipette (fig. 91). This is plunged into 
the liquid, contained in a Winchester quart bottle, which is allowed to fill it; 
the upper end is then firmly closed with the finger, the tube withdrawn from 
the bottle, its lower opening held over the wider opening of the burette, and 
the finger removed, when the liquid flows out into the burette. 

Mohr’s burette (fig. 92), from which the liquid is allowed to flow by opening 
the nipper-tap a, allows of more exact measurement, especially if a float 6 , 
made of a glass tube slightly weighted be placed in it. A circular mark is 
made round the float with a file or a diamond, and the measurements are 
made by observing which of the divisions on the burette exactly coincides 
with this line. A burette of this kind with a glass stopcock, though some- 
what more expensive, is far more useful. 

An ordinary alkalimeter tube (fig. 93) gives very good results if carefully 
employed, the acid being then poured down a glass rod into the alkaline solu- 
tion in a dish or beaker (fig. 94) . 


SECTION VII. 


AlJcalimetry* 


mwmm JEstlmatlon of the tiseful soda in a sample of 
crystallized carbonate of soda (Na2CO3.10H2O). — 
Prepare some standard suJphnric acid according’ to (573) 
and determine its exact strength by (574). Weigh accu- 
rately (553) 25 grains (or 1*5 gramme) of the carbonate of 
soda, and proceed exactly as directed in (574). 

Calculate the amount of soda by the following pro- 
portions : — 


1000 : 


(Wt. of sulph. acid 
I (HgSO^) contained 
1 ill 1000 grs. of the 
[ standard acid. 


No. of grain mea-'j [Wt. of H 2 SO 4 

Bures of standard ! 1 required to 

acid used in this [ ’ j neutralize the 

experiment. j V soda. 


Mol. wt. of Mol. wt. of soda 
H2SO4 . (NaaO) , 


98 62 


[wt. of HgSO^ 

■j required to ncu- 
I trulize the soda. 




f Wt. of soda (NagO) 
■j present in the 
I sample. 


Calculate the weight of soda in 100 grains of the sample. 
Perfectly pure crystallized carbonate of soda yields 21*68 
per cent, of soda. 

^ Estimate the potash in a sample of crystals of 
bicarbonate of potash, as in (577), substituting 
the molecular weight of potash (K20=94*2) for that of 
soda in the calculation. Perfectly pure crystallized bicar- 
bonate of potash (KHCO3) yields 47 per cent, of potash. 

K170 Estimate the potash in 100 grain measures (or 
10 cubic centimetres) of the solution of potash in 
use in the laboratory, by diluting it with water, adding 
litmus, and conducting the process as in (574). 
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Estimate the ammonia in the solution of am- 
monia in use in the laboratory. Introduce 1000 
grain measures of the standard sulphuric acid (573) into 
a beaker, and colour it distinctly red with litmus. Mea- 
sure 100 grains (or 10 cubic centimetres) of the solution 
of ammonia in the burette, dilute to 1000 grains (or 100 
cubic centimetres) with water, mix by agitation, and add 
the solution, very gradually, to the acid, with constant 
stirring, until the litmus just assumes a blue shade. Ob- 
serve the number of measures used and calculate the 
quantity of ammonia present thus : — 


HaS04 2NH3 

98 * 34 


Wt. of 

in 1000 prams 
of standard 
acid. , 


Wt. of ammonia in the 
amount of solution used. 


X 


No. of gr. mea- 
sures of solu- 
tion of am- 
. monia used. > 


' Wt. of am- ' 
monia con- 
tained in 
. them (a?) . 


:: 1000 : 


Wt. of ammonia in 100 grain mea- 
sures of the original solution. 

V t 


y 


SECTION VITI. 

Estimation of Iron in Bed Hwm aiite Ore (FCgOg). 

Weigh roughly (551) 100 grains (or 6 grammes) 
of the ore, reduce it to an impalpable powder 
(526), and preserve it in a corked tube. Weigh accurately 
5 grains (or *3 gramme), introduce it into a four-ounce 
flask, and heat it (fig. 89) with about ^ oz. measure (or 
200 grain measures, or 10 cubic centimetres) of strong 
hydrochloric acid, and one-third as much water, .until it 
is either entirely dissolved, or only a little white silica is 
left.* 

Prepa.ratio7i of a standard solution of iwtassviim 
per mang agnate (KMn 04 ). — Weigh out (553) 16 
grainsf (or 1 gramme) of the crystallized permanganate, 
introduce it into a half -pint flask or beaker, and dissolve it 
in about 4 measured ounces of water, employing a gentle 
heat (fig. 89) if necessary. Pour the solution carefully 
into a measure-flask (573) capable of containing 7000 

• This often requires two or three hours, and it may be found neeessary to 
add a little more HCl to replaee that which evaporates. 

t i^th molecular weight of KMnO^ would be 16'81 grains, and if the 
purity of the salt can be relied on, calculation would be facilitated by 
employing this quantity. 
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grains (or 10,000 grains, or | litre) ; rinse the adhering 
solution out of the vessel with a little water, and fill the 
flask up to the mark with water. (If a measure-flask be 
not at hand, use a druggist’s measure, and make the 
solution up to 16 oz.) Preserve the solution in a stoppered 
bottle. 

Determination of the strength of the solution of 

'permanganate, — Weigh accurately 8*5 grains (or 
0*2 gramme) of clean iron wire (armealed iron loire), in- 
troduce it into a half-pint flask furnished with a cork and 
a short piece of narrow glass tube ; pour upon it about 
an ounce (or 500 grain measures, or 30 cubic centimetres) 
of diluted sulpliuric acid (containing one-fifth of its bulk 
of the strong acid). Apply a gentle heat (fig. 89) till the 
iron is dissolved. Nearly fill the flask with water (which 
has been boiled to expel air and allowed to cool), pour the 
solution very carefully iuto a junt beaker, rinse the flask 
twice with water, dilute the solution with water to about 
half a pint, and add the solution of permanganate, gra- 
dually, from a burette,* with constant stirring, until a 
faint pink tinge is perceptible throughout the whole 
liquid, proving that all the ferrous sulphate is converted 
into ferric sulphate, and that the permanganate has been 
added in slight excess. (About 875 measures of a solu- 
tion of the above strength would be required.) Observe 
the number of measures of the solution of permanganate 
employed, and calculate the quantity of iron to which 
1000 grain measures (or 100 cubic centimetres) of the 
solution corresjiond, and record it upon the label of the 
bottle. ' 

The whole operation should be repeated, with a fresh 
portion of iron, to prove the correctness of the result. 

It will often be found convenient, in volumetric analysis, to dissolve 

a weighed quantity of the substance, and to make up the volume of 
the solution to a detinite amount, of which fractions may be taken for several 
determinations. Thus, in (683), 10 5 grains of iron may be dissolved, the 
solution made up with water to 1000 grains, and j of this taken for each ex- 
periment (or 1 gramme may be dissolved, made up to 600 c. c. and 100 e. c. 
taken in each case). In (581) 20 grains of hsematitc may be dissolved, the 
solution made up to 1000 grains, and 250 grains taken for each experiment 
(or 1’6 gramme may be dissolved, made up to 600 c. c. and 100 c. c. taken in 
each case). 


* If Mohr’s burette be employed, it must have a glass stopcock, since the 
permanganate acts upon the caoutchouc. 
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sas The action of the potassium permanganate in the foregoing process 
is thus explained. When the iron is dissolved in sulphuric acid, 
ferrous sulphate and hydrogen are produced. Fe + 11980 = H2+EeS04. When 
the ferrous sulphate and the excess of sulphuric acid arc brought in contact 
with the permanganate, 


10FeSO4+ 8112804+ 2KMn04=6Fe2(S04)3+ 2MnS04+ K2SO4+ 81120 , 

Reduciion of ilie ferric chloride (perchloride of 
^ irou) to the state of ferrous chloride (proto chloride 
of iron). — To the flask containing the solution of the haema- 
tite ore in hydrochloric acid (581), attach a perforated 
cork carrying a short piece of narrow glass tubing ; dilute 
the solution with a little water and add a few fragments 
of pure zinc.* Heat moderately, adding more zinc if 
necessary, until the yellow colour of the solution has 
changed to a pale green. Nearly fill the flask with water 
(free from air), pour the solution into a pint beaker, rinse 
the flask twice with water, dilute the solution to about 
half a pint, add about an ounce (20 cubic centimetres) 
of dilute sulphuric acid^ and proceed with the addition of 
the standard solution of permanganate of potash as in 
(588). 

Calculate the weight of iron present, by the following 
proportion : — 


Gr. measures of 
permanganate . 

1000 


Wt. of iron corre-'j 
sponding to 1000 I 
grs.ofthefitandard r 
^ permanganate. } 


No. ofgr. mea-' 
surcs of per- 
manganate 
employed. , 


{ Wt. of iron 
in the ore 
employed. 


Pure peroxide of iron would contain 70 per cent, of iron. 

The reduction of ferric chloride to ferrous chloride by the action of 
zinc is explained ill this equation ; Fc2(Mc+Zn=:2FcCl2+7inCl2. The 
pulphurie acid is subsequently added to converl the lerrous chloride into 
ferrous sulphate, beenusc the ferric chloride produced by the action of the 
permangnnute upon the former, has a strong yellow colour which would dis- 
guise the pink colour indicating the termination of the experiment. 

The following method of reducing the ferric chloride is an excellent 
one if carefully executed. JMacc the flask containing the solution of 
ferric chloride over a himp, and add solution of sodium carbonate by degrees 
till the free acid is neutralized, which maybe known by tlie difficulty in re- 
dissolving the precipitate produced by the carbonate. Then add solution of 
sodium sulphite drop by drop till the liquid is nearly colourless. Should any 


* The zinc must be tested by dissolving a piece of it in hydrochloric acid, 
diluting the solution largely with water, and adding a drop of permanganate 
which should not be bleached. If the zinc is not pure, the quantity employed 
for reduction must be weiKhed, an equal quantity dissolved in hydrochloric 
acid, the solution largely diluted, and the amount of permanganate which it 
bleaches carefully determined. Or the method of reduction with sodium 
sulphite may be employed instead of that with zinc (588). 
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precipitate be produced, add a drop or two of hydrochloric acid till it becomes 
clear. When the liquid is nearly colourless, add some dilute sulphuric acid, and 
boil until there is no more smell of sulphurous acid ; this should not require 
more than ten minutes. Dilute with water, and proceed to add the perman- 
ganate as in 583. The reduction is explained by the equation. 

FcaCle + HgO + Na^SOg = 2FeCIa + 2H Cl + Na3S04. 
Preparation of a standard solution of bichromate 
of potash. — Weigh roughly (551) 50 grains (or 
3 grammes) of pure bichromate of potash. Eeduce it to 
powder, and heat it in a porcelain crucible over an Argand 
burner (fig. 83) for a few minutes. Allow it to cool under 
the desiccator (fig. 81), and weigh out accurately (553) 
29*5 grains (or 2*95 grammes) of it. Dissolve it exactly as 
directed in (582). 

- Verification of the standard solution of bichromate 
^ of potash. — Weigh accurately 4 grains (or 0*5 
gramme) of iron wire, and dissolve it as directed in (583). 
Dilute the solution with boiling water, transfer it to a 
pint beaker, rinse the fiask twice, dilute the solution with 
boiling water to about half a pint, and add the standard 
solution of bichromate gradually, from a burette, with 
constant stirring, until a drop taken upon a glass rod, and 
dropped into a spot of a dilute solution of ferricyanide of 
potassium,'"^' upon a white plate, gives a clear brown tinge, 
without any blue or green, showing that all the ferrous 
salt has been converted into ferric salt by the oxygen of 
the chromic acid. 

Calculate the quantity of iron to which 1000 grains 
(or 100 cubic centimetres) of the solution of bichromate 
correspond, and record the result upon the label of the 
bottle. 

Determination of iron in hcematite by the bichro^ 
mate process. — "Dissolve 0 grains (or 0*8 grm.) 
of the finely powdered ore in hydrochloric acid as in 
(581). Eeduce the ferric chloride to ferrous chloride as 
in (586 or 588), but dilute the solution to half a pint 
only, and proceed to determine the quantity of bichromate 
solution required to oxidize it as in (583). Calculate the 
weight of iron present from the number of measures 
employed. 

♦ This must bo quite free from ferrocyanido. Take a crystal of the red 
prussiate of potash, wipe it well with a damp cloth, weigh it roughly, and dis- 
solve it in about forty times its weight of water. J he solution will contain 
some ferrocyanide if kept, especially when exposed to the light. 

P 
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action of the potassium diehromate upon ferrous sulphate in the 
presence of sulphuric acid results in the production of ferric and 
chromic sulphates. 

Kjj0.2Cr03 + 6FeS04+ 7H2S04=K2^^4"i‘ 3Fe2(S04)3+ Cr2 (804)3 + 7H20» 
Hence the molecular weight (295 2) of the dichromate corresponds to 6 atoms 
(336) of metallic iron. 


SECTION IX. 

Valuation of Manganese Ore {Feroxide of Manganese), 

5Q3 ^ flat-bottomed flask, adapt, air- tight, a 

perforated cork fitted with a narrow glass tube 
about 20 inches long, bent twice at right angles, the 
shorter limb which passes through the cork being about 
3 inches long, and the other about 12 inches. Weigh out, 
separately and exactly (553) 10 grains (or *8 gramme) of 
iron wire {annealed), and 10 grains (or *8 gramme) of the 
very finely powdered manganese ore. Place the iron wire 
in the flask, pour upon it three measured ounces (or 1500 
grains, or 90 cubic centimetres) of diluted sulphuric acid 
(containing one measure of oil of vitriol and three mea- 
sures of water) ; attach the cork with the bent tube, and 
allow the long limb to dip down to the bottom of a 4-oz. 
flask half full of distilled water. Apply a gentle heat 
until all the iron has dissolved ; remove the cork, and in- 
troduce the 10 grains of manganese ore ; boil gently (with 
the tube still dipping into water) until all the black oxide 
of manganese is dissolved ;* remove the lamp, so that the 
steam may condense, when the pressure of the air will 
force the water from the smaller into the larger flask, and 
thus anything which has splashed over will pass back into 
the flask ; pour a little more water into the small flask to 
rinse it, and allow it to go back in the same way. Re- 
move the cork, add enough distilled water to make the 
solution up to about half a pint, and ascertain how much 
iron has been left unconverted into ferric oxide by the 
available oxygen of the peroxide of manganese ; this is 
effected by a standard solution either of permanganate of 
potash, as in (583) or of bichromate, as in (590). 

Deduct the weight of iron which is found unconverted, 
from the 10 grains employed, and calculate the weight of 

* This often requires two or three hours. If the ore were very rich, it mi^ht 
require the addition of a little more iron, which may bo weighed and added. 
10 grains of pure Mn 02 would require 12'8 grains of iron. 
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peroxide of manganese present by the following propor- 
tion : — 

Fe® . Mn02 .. fWt. ofiron) , f Wt. of 

112 * 87 *• 1 oxidized, j • ® •[ present. 

Tbe action is explained by the equation ; 

2FeS04+2H2S04+Mn02=Fe^(S0j3+MnS04+2H20. 

SECTION X. 

Quantitative Analysis of Magnesian Limestone, 

_ Weigh roughly (551) 100 grains (or 6*5 grammes) 
of the mineral. Powder it finely (526), and pre- 
serve it in a corked tube. 

Estimation of the hygroscopic moisture. — Weigh 
accurately (553) 50 grains (or 3 grammes), place 
it in a porcelain crucible, and heat it, in tbe air-bath, at 
about 300^ F. (or 150° C.), for half an hour. Cover the 
crucible, allow it to cool in the desiccator (fig. 81) and 
weigh it. Eepeat the weighing, at intervals of a quarter 
or half an hour, till the weight is constant. Calculate the 
percentage of water lost. 

Estimation of sand and day, — Weigh accurately 
(553) 25 grains (or 1*5 gramme) of the limestone, 
and treat it with hydrochloric acid as in (565), as long as 
anything more appears to be dissolved. Collect the un- 
dissolved residue (sand and clay) upon a filter (of about 
3 inches diameter), taking care to avoid loss, and wash it 
with hot water (fig. 74), as long as a drop of the washings 
reddens blue litmus paper. Keserve the solution and 
washings for subsequent examination (597). Dry the 
residue upon the filter (540), incinerate (542) in a porce- 
lain or platinum crucible, and weigh. 

Estimation of the silica (contained in the lime- 
stone as a silicate). — Pour the solution from 
(596) or a part of it, down a glass rod into a half-pint 
evaporating dish, which must not be filled higher than 
within half an inch of the rim, and evaporate over a plain 
burner (fig. 22), without boiling ; add the rest of the solu- 
tion when the first has partly evaporated, and rinse out 
the beaker twice with a little water, into the dish. Con- 
tinue to evaporate the liquid to dryness, placing a dial- 



212 EXAMPLES IN QUANTITATIVE ANALYSIS. 

glass (convexity downwards) over the dish towards the 
end of the evaporation, to prevent loss from spurting. 
When the dish nas cooled, pour about an ounce of water 
over the residue, and add a little hydrochloric acid, by 
degrees, applying a gentle heat, until either the residue 
has entirely dissolved, or nothing is left but white flakes 
of silica.* Add a few drops of nitric acid (to convert the 
ferrous chloride into ferric chloride) and heat gently for a 
minute or two. Dilute the solution with about two 
ounces of water, collect the silica upon a filter (about 3 
inches in diameter), pouring the solution down a glass rod 
on to the filter, wash the silica with hot water till the 
washings (which must be saved) no longer redden blue 
litmus, dry (fig. 70), incineratef very carefully in a por- 
celain or platinum crucible, and weigh. 

Estimation of the oxide of iron (ferrous oxide) 
amd ohimina, — To the solution filtered from the 
silica in (597) add about 15 grains (or 1 gramme) of chlo- 
ride of ammonium dissolved in water, and ammonia, until 
the solution smells strongly of it, even after stirring; heat 
the solution gently, in a beaker covered with a dial-glass, 
collect the precipitate (alumina and peroxide of iron) upon 
a filter (about 3 inches in diameter), wash with hot water 
till the washings (which must be saved) give no turbidity 
with oxalate of ammonia, dry (fig. 76), incinerate in a 
porcelain or platinum crucible, and weigh. 

If the brown colour of the precipitate indicates the presence of any con- 
siderable quantity of iron, dissolve it in the crucible with a little hydrochloric 
acid, reduce the ferric chloride as in (686) and estimate the iron either by the 
standard solution of permanganate (683) or by the bichromate (690). iVom 
the weight of iron found, calculate the weight of peroxide of iron in the pre- 
cipitate (56 parts of iron yield 80 parts of the peroxide), and deduct it from 
the joint weights of the alumina and peroxide of iron, to ascertain the amount 
of alumina. Since the iron is generally present in the limestone as a car- 
bonate of the protoxide (ferrous carbonate), the weight of the protoxide cor- 
responding to the metallic iron found must be calculated (7 parts of iron 
yield 9 parts of protoxide), and its percentage recorded. 

Estimation of the lime, — To tbe solution and 
washings from the alumina and peroxide of iron 
in (598), add oxalate of ammonia in quantity more than 

* Many limestones are free, or nearly so, from combined silica, and will 
therefore leave no residue undis.solved at this stage. 

t Silica is very apt, when heated, to be carried away by a current of air ; it 
is therefore advisable to remove it as completely as possible from the filter, 
and to ignite it in a covered crticible, the filter being incinerated separately, 
and the ash added to the ignited silica after cooling. 
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sufficient to precipitate the whole of the lime heat the 
solution nearly to boiling in a beaker covered with a dial- 
glass, set it aside for some time, and proceed further as 
directed in (565), saving the filtered liquid and washings, 
for the estimation of the magnesia. 

600 magnesia. — Place the open 

beaker containing the filtered liquid and washings 
from (599) upon a piece of gauze over a lamp, and eva- 
porate the liquid, without boiling it, till it measures only 
about four ounces ; transfer it to a smaller beaker, rinsing 
the first with a little water; add ammonia in considerable 
excess, and precipitate the magnesia with phosphate of 
soda, proceeding as directed in (568). 

Estimation of the ca.rhonic oA(L — Proceed ac- 
cording to the directions in (566). 

602 amount of edch constituent in TOO 

parts of the limestone. — If the analysis be satis- 
factory, the sum of the percentages should amount to at 
least 99. The following statements will enable the analyst 
to corroborate his results or to discover which estimation 
is incorrect : — 

If 44 parts of carbonic acid be allowed for every 66 parts of lime, and the 
same amount for every 40 parts of magnesia (and for every 72 parts of prot- 
oxide of iron if present) the sum of the amounts of carbonic acid thus 
calculated should be nearly the same as that obtained in the analysis. 

If ten grains (or 0'6 gramme) of the powdered limestone be strongly heated 
in a poreelain or platinum crucible until its weight is constant, the total loss 
should, when calculated upon 100 parts, be equal to the joint percentages of 
carbonic acid and hygroscopic moisture.f 

SECTION XI. 

Quantitative Analysis of Copper Pyrites. 

Weigh roughly 30 grains (or 2 grammes) of the 
mineral, and reduce it to a fine powder (526). 
Weigh accurately 25 grains (or 1’5 gramme), introduce it 
into a four-ounce beaker covered with a dial-glass (or into 
a flask with a small funnel, fig. 70) ; pour upon it, care- 
fully (565), about three drachms (or 200 grain measures, 
or 10 cubic centimetres) of strong nitric acid ; warm it 
gradually (fig. 68) until the action has in great measure 

* 30 grains (or 2 grammes) dissolved in water will be BuflBcient for the 
purpose. ^ 

t Unless much iron be present, when a correction must be made for the 
absorption of oxygen to the amount of one-ninth of the weight of the ferrous 
oxide present. 
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ceased, add half an ounce (or 300 grain measures, or 15 
cubic centimetres) of strong hydrochloric acid ; heat to 
boiling, in the covered beaker, until the pyrites is com- 
.pletely acted on, and any separated sulphur has a yellow 
colour. Uncover the beaker, rinse the dial-glass with a 
few drops of water, and evaporate, without boiling, in the 
open beaker, till only enough liquid is left to cover the 
bottom. Should red fumes be still visible, add a little 
more hydrochloric acid, and again evaporate.* 

Estimation of the silica, and unoxidized sulphur . — 
® Weigh a dried filter (552), about three inches in 
diameter ; dilute the solution from (603) with two ounces 
(or 50 cubic centimetres) of water, and pour it through 
the filter, into a measure-flask (573) capable of con- 
taining 5000 grains (or 250 cubic centimetres). Collect 
every particle of the residue upon the filter, wash it till 
the washings are no longer acid, and dry it in the water- 
oven, till its weight is constant (562) ; deduct the weight 
of the filter, to obtain the joint weights of the silica and 
sulphur. Transfer the contents of the filter to a weighed 
porcelain crucible, incinerate the filter (542), collecting 
its ash in the same crucible, and heat the latter, until 
all the sulphur is consumed; weigh the residual silica 
and deduct its weight from the joint weights of silica and 
sulphur. Calculate the quantity of each in 100 parts of 
the mineral. 

Estimation of the sulphur 'ivhich has heen oxidized 

into sulphuric acid. — Make up the volume of the 
filtrate and washings in the measure-flask (604) to 5000 
grains (or 250 cubic centimetres) by the addition of water, 
taking great care to secure perfect mixture, which may be 
effected by adding the water with a pipette (fig. 91) 
thrust down to the bottom of the flask, and occasionally 
agitating. Take 2500 grains (or 125 cubic centimetres, 
or any other convenient fraction, if not too small) of the 
diluted solution, introduce it into a half-pint beaker, and 
proceed to estimate the sul^jhiiric acid by precipitating 
with chloride of barium, f as in (556). 

♦ A quicker process for dissolving the pyrites consists in treating it (in a 
dish) with HNO 3 and KCIO.,. Aod, to 0*5 grm. ot pyrites, 25 c. c. HNOj 
(Sp. Gr. 1’4) and powdered KCIO 3 amounting to about 3 times the bulk of the 
pyrites. 

t About 30 grains of crystallized chloride of barium dissolved in water will 
be sufficient. 
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Calculate the amount of sulphur from the weight of the 
sulphate of baryta by the proportion : — 


BaS04 S 
233 = 32 


'Wt. of sul-' 
phate of 
barj^ta 

, obtamed. . 


J Wt. of sulphur 
1 oxidized. 


Calculate the weight of sulphur oxidized upon 100 
parts of the copper pyrites (recollecting that only halt* 
the solution prepared from the 25 grains has been em- 
ployed), and add it to the percentage of unoxidized 
sulphur found in (604). 

Estimation of the copiwr , — Tran sfer the other half 

of the solution taken for estimating the sulphuric 
acid in (605) to a pint beaker, dilute to about half a pint 
with water, and thoroughly saturate with hydrosulphuric 
acid gas (570). Allow tlie precipitate to subside, so that 
a little saturated solution of hydrosulphuric acid may be 
added to the licpiid, to ascertain that all the copi:)er is 
precipitated. Collect the sul2:>hidc of copper upon a filter 
(about 5 inches in diameter), wash it rapidly with water 
containing hydrosulphuric acid, until a drop of the wash- 
ings is no longer tinged black by ammonia. Treat the 
filtrate and washings according to (607). Place the 
funnel containing the precipitated sulphide of copper over 
a half-pint fiask, perforate the apex of the filter with a 
pointed glass rod (fig. 26), and wash as much as possible 
of the precipitate into the fiask by means of a fine stream 
of water from a washing-bottle.* Dry the filter, incine- 
rate it, and add the ashes to the contents of the flask ; 
add to these two drachms (7 cubic centimetres) of nitric 
acid, and heat, at first gently, but finally to boiling, until 
the sulphur separates in yellow globules. Dilute the 
solution with two ounces (60 cubic centimetres) of water, 
filter, washing the filter thoroughly, and determine the 
copper as oxide, according to the directions given at (558). 
From the weight of the oxide, calculate that of the copper 
thus : — 


CuO Cu 
79*6 • 63-6 


Wt. of oxide 
of copper 
obtamed. 



wt. of copper 
found. 


♦ Great care must be taken to avoid washinf? any of the paper into the flask, 
since the presence of orpauic matter in the solution will prevent the complete 
precipitation of the copper by potash. 
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Calculate the copper in 100 parts of the pyrites (recol- 
lecting that only one-half of the solution from 25 grains 
has been employed). 

Estimation of the iron. — Test the filtrate and 
washings from the sulphide of copper in (60 •) 
with hydrosulphuric acid, to ascertain that all the copper 
has been precipitated, and evaporate, in the beaker, to 
about a quarter of a pint. (A slight yellow precipitate of 
AsoSg is sometimes deposited.) Cover the beaker with a 
dial -glass, add a few drops of nitric acid, by degrees, con- 
tinuing the application of heat, until all the iron is con- 
verted into peroxide, the liquid having a bright yellow 
colour. Add ammonia, by degrees, in slight excess ; col- 
lect the precipitated peroxide of iron upon a filter (about 
5 inches in diameter), wash with boiling water till the 
washings are no longer rendered turbid by nitric acid 
and nitrate of silver, dry (540), ignite (542) in a porcelain 
or platinum crucible, and weigh. 

Calculate the weight of iron in the precipitate, thus : — 


FeA . . Foa 

160 • lia 


Wt. of per- 
oxide • ; X 
obtained. 


Wt. of iron 
found. 


Calculate the iron in 100 parts of the pyrites (recol- 
lecting that only one-half of the solution from 25 grains 
has been employed). 

The sum of the percentages of copper, iron, sulphur, 
and silica should amount to at least 99, if the analysis be 
correct. 

Calculate the formula of the mineral from its peroentag’o composition thus: 
divide the percentage of each element by its atomic weipht, and find the 
simplest ratio between the quotients. For example ; a specimen contained 33 
per cent, of Cu, 32 per cent, of Fe, and 33 per cent, of S. 


83 
63 5 


•62 Cu; -^ = -67Fc; 
00 


32 


1*03 S. 


Whence the formula CuFeSg would be deduced. 


SECTION XII. 

Quantitative Analysis of Gunpowder ; consisting of Nitres 
Charcoal, and Sulphur, 

Estimation of the hygroscopic moisture. — Weigh 
a porcelain crucible with its cover, and mark the 
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weight upon it, in ink (554). Introduce into it 100 grains 
(or 6 grammes) of gunpowder, and expose it in the water- 
oven (527) for an hour. Allow it to cool, in the covered 
crucible, and weigh it. Replace the crucible 
in the oven, and weigh it at intervals of a 
quarter of an hour till the weight remains 
constant.* 

60d nitre. — Weigh 

. a thin dry flask capable of holding 
four fluid ounces (fig. 95). Mark the weight 
upon the neck with a diamond or hard file. 

Attach it to a funnel by means of a perforated 
cork, fitted, air-tight, to the flask. Place in 
the funnel a filter which has been dried at 
212° F. (562), and weighed. Moisten the 
filter, and fit it exactly to the sides of the funnel. Place 
upon it 100 grains (or 6 grammes) of gunpowder, and 
pour over this about half an ounce of boiling distilled 
water. Cover the funnel with a dial-glass, and allow it to 
stand for five minutes in order that the water may soak 
well into the gunpowder and dissolve the nitre. Loosen 
the cork to allow the air to escape from the flask, and the 
solution to pass through. Repeat this treatment with 
successive portions of boiling water, till all the nitre has 
been dissolved out, which may be ascertained by evaporating 
a drop from the funnel upon a sli]^ of glass, when it should 
leave no residue of any consequence.f 


Fi^. 95. 


If the funnel be fitted quite air-tipht into the flask, the whole of the nitre 
may be very quickly extracted by this method, liut the nitre may also be 
extracted by heating the prunpowder with two ounces of water in a beaker 
(fig. 68) for 16 minutes, allowing it to subside, and filtering (fig. 73) through 
the (weighed) filter, taking care to rinse every particle of the residue on to 
the filter with boiling water (536). 


Proceed with the charcoal and sulphur, as in (610). 
Select a thin, shallow evaporating dish (a, fig. 96), and 
grease very slightly with a little lard, the upper margin 
of the inside of the dish, to the depth of an eighth of an 
inch, to prevent the nitre from creeping up the side of the 
dish. Weigh the dish and mark the weight upon it. 
Pour the solution of nitre into it, down a glass rod, till it 


* Since a minute quantity of sulphur escapes at 212®, the moisture will 
estimated a little too high. An exact determination would be made by drying 
at the ordinary temperattire over oil of vitriol (646). 
t About four ounces of water are usually required for this purpose. 
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reaches the lower edge of the 
greased portion. Support the 
dish upon a retort- stand h, at 
some distance above a ring gas- 
burner, and evaporate the so- 
lution, without allowing it to 
boil, pouring in the remainder 
by degrees from the flask, and 
finally rinsing out the latter 
with water.* When the solu- 
tion has been evaporated to 
about half an ounce, place the 
dish over a steam-bath (fig. 
79), and continue the evapora- 


dial-glass, and heat it gradu- 
ally over a ring-burner (fig. 9fl), until the nitre begins to 
fuse. Allow the dish to cool, and weigh it. 

1510 Estimation of the charcoal . — Remove the filter 
containing the charcoal and sulphur (609) from 
the funnel, place it in a dish without unfolding it, and 
dry it in the water-oven (fig. 67) for an hour. Weigh it 
rapidly to avoid absorption of moisture from the air ; 
replace it in the water-oven, and weigh it at intervals of 
half an hour till its weight is constant. Place the filter 
upon the same funnel (which, as well as the flask, should 
have been thoroughly dried), and spirt upon it, from a 
small washing-bottle, about two drachms of pure bisul- 
phide of carbon. t Cover the funnel, and allow it to 
remain for five minutes. Loosen the cork from the flask, 
so that the bisulphide may run through, and repeat the 
washing several times until the wdiole of the sulphur is 
dissolved out, which may be ascertained by evaporating a 
few drops as they fall from the funnel, when they should 
leave no residue. Proceed with the solution of sulphur 

• Should any charcoal have passed through the filter, it should be now col- 
lected upon a small dried and weighed filter, well wathed, its weight deter- 
mined and added to that obtained in (610). 

t Since the bisulphide of carbon is very volatile and inflammable, great 
care must be taken not to bring it near a flame. Its purity must be tested 
by allowing a little to evaporate in a watch-glass, when it should leave no 
residue. 


tion to perfect dryness. After 
thorough drying over the steam- 
bath, cover the dish with a 
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in bisulphide of carbon according to (611). Place the 
filter with the charcoal in a dish, and allow it to remain 
exposed to the air until the bisulphide of carbon has eva- 
porated, which may be known by the smell. Then place 
it in the water-oven, and weigh it at intervals until its 
weight is constant. On deducting the weight of the filter 
(609), that of the charcoal will be ascertained. 

611 sulphur . — To the flask con- 

taining the solution of sulphur in bisulphide of 
carbon, fit a cork and tube bent as in the figure (fig. 97), 



Fig. 97. Distillation ol‘ the Fiaulpliido of Carbon. 


and connected with a Liebig’s condenser. Apply a very 
gentle heat with a ring burner, and distil off the greater 
portion of the bisulphide of carbon. When only a shallow 
layer of the latter remains at the bottom of the flask, difj- 
connect it, and evaporate the remainder by gently blowing 
into the flask with a moderately wide tube. When the 
odour of bisulphide of carbon has entirely disappeared, 
place the flask in a water-oven, and weigh it at intervals 
as long as any variation in weight is perceptible. The 
weight of the sulphur is then ascertained by deducting 
that of the flask. 

612 corroborate the abo'^Te result, the sulphur may 
be estimated in another portion of the gunpowder 
by converting it into sulphuric acid, and weighing this in 
the form of sulphate of baryta. For this purpose, 50 grains 
(or 3 grammes) of gunpowder are heated in a small flask, 
with one fluid ounce of concentrated nitric acid (s.G. 1*36), 
and crystals of chlorate of potash are added in small por- 
tions to the hot liquid until the whole of the powder is 
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dissolved to a clear light yello'w liquid. This will require 
about 50 grains (3 grammes) of the chlorate.* The solu- 
tion is boiled down, rinsed into a beaker, diluted with 
at least six ounces of hot water (to avoid precipitation of 
nitrate of baryta), and mixed with about 50 grains of 
chloride of banum dissolved in an ounce of hot water. 
The precipitate of sulphate of baryta is allowed to sub- 
side, collected on a filter, washed with the precautions men- 
tioned in (557), and the determination completed as therein 
directed. 

The percentage of sulphur found by this process is 
usually somewhat higher than that obtained by treatment 
with bisulphide of carbon, which fails to extract the last 
traces of sulphur from the charcoal. Should the difference 
be only O’l or 0*2 per cent., the mean may be taken as 
correct. 

-- 2 If the analysis is correct, the sum of the charcoal, 
sulphur, and nitre should amount to at least 99*5. 
The sum of the charcoal and suljffiur, separately deter- 
mined in (610) and (611), should be nearly equal to their 
joint weight determined in (610). 

* The complete oxidation of the charcoal sometimes occupies several hours, 
and may require even more potassium chlorate than that prescribed. 
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SECTION XIII. 

Additional Exercises in Quantitative Analysis, 

Proficiency in quantitative analysis can onl^r be 
attained by much practice. The directions 
already given will enable the student to perform several 
other analyses. The following examples may be recom- 
mended : — 

Stilphate of Iron (green vitriol) ; estimate the sulphuric 
acid by (556), and the oxide of iron by (583, 590, or 607). 

Chloride of Barium; estimate the chlorine by (563), 
and the barium by precipitation with sulphuric acid (556). 

Garhonate of Magnesia ; estimate the magnesia by (568), 
and the carbonic acid by (566). 

Phosphate of Soda; estimate the phosphoric acid by 
precipitating with a mixture of sulphate of magnesia with 
chloride of ammonium and ammonia, and proceeding as 
in (568). 

Iron Pyrites; treat as for copper pyrites, omitting the 
estimation of copper. 
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CHAPTEE I. 

EXAMINATION AND USES OF REAGENTS. 

615 . The following is a list of tlie reagents, &c., usually 
employed in testing and analysis, with the quantities in 
which it is generally necessary to provide them : — 


Solutions in narrotv-mouthed d-oz, 
bottles, 

1. Sulphuric acid, strong 

2. „ „ dilute 

3. Hydrochloric „ strong 

4. „ „ dilute 

6. Nitric „ strong 

6. „ „ dilute 

7. Hydrosulphuric acid 

8. Ammonia 

9. Carbonate of ammonia 

10. Chloride of ammouium 

11. Potash 

12. Baryta-water 

Solutions m narrovo-mouthed 2-oz. 
bottles. 

1. Oxalate of ammonia 

2. Ferrocyanide of potassium 

3. Ferridcyanide „ 

4. Antimoniate of potash 

6. Carbonate of soda 

6. Phosphate „ 

7. Nitrate of baryta 

8. Sulphate of magnesia 

9. Perchloride of iron 

10. Nitrate of cobalt 

11. Sulphate of copper 

12. Acetate of lead 

13. Perchloride of mercury 

14. Protochloride of tin 

15. Bichloride of platinum 

16. Solution of starch 


Solutions in narrow-mouthed 4f0Z. 
bottles, 

1. Acetic acid 

2. 'I’artaric ,, 

3. HydroBulphate of ammonia 

4. Lime-water 

6. Sulphate of lime 

6. Chloride of calcium 

7. Chloride of barium 

8. Nitrate of silver 

9. Alcohol 


Solids in tcide-mouthed 2-oz, 
bottles. 

1. Phosphate of soda and ammonia, 

1 oz. 

2. Nitrate of potash, 2 oz. 

3. Cyanide of potassium, 1 oz. 

4. Borax, 1 oz. 

6. Sulphate of iron, 1 oz. 

6. Flowers of sulphur, 1 oz. 

7. Carbonate of soda, 2 oz. 

8. Nitrate of baryta, 2 oz. 
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In addition to these, the analyst will require — 

Granulated zinc, 1 lb. 

nine and red litmus, and turmeric paper. 

Distilled water. 

Stoppered bottles are to be preferred for the reagents. 
Those made of green glass are the least expensive and the 
least corroded. 

The following reagents will eventually be required, but 
they are not indispensable at the commencement : — 

8oluti07l8, 

]. Oxalic acid, 2 oz. 6. Chromate of potash, 2 oz. 

2. Hydrofluosilicic acid, 2 oz. 6. Acetate of potash, 2 oz. 

3. Carbonate of potash, 2 oz. 7. Sulphate of manpranese, 2 oz. 

4. Iodide of potassium, 2 oz. 8. Sulphindigotic acid, 2 oz. 

The beginner should also be provided with the following 
articles : — 


12 test-tubes. 

Back with draining-pegs. 
Tube-cleaner. 

Spirit-lamp or gas-burner. 

3 funnels : 2 oz., 1 oz., ^ oz. 
Filter-paper. 

Slips of window-glass. 

Glass rod. 


Narrow hard glass tubing. 
Blowpipe. 

Triangular file. 

Platinum wire and foil. 

4-oz. evaporating-dish. 
Half-pint Wedgwood mortar. 
Wire triangle. 

Wire tripod, or retort stand. 


616. Most of the chemicals, as they are met with in 
commerce, being always more or less impure, and, as those 
even which are sold in the shops as pure reagents, are not 
unfrequently found, on examination, to be otherwise ; it is 
always necessary, before taking a reagent into use, to as- 
certain by experiment whether it is of sufficient purity for 
the purposes for which it is intended. It may be stated 
as a general rule, that, when a chemical substance is re- 
quired for use in analysis, it ought to be as nearly pure as 
possible : while, for many of the other operations of che- 
mistry, the substances which are usually met with in com- 
merce are sufficiently pure. The following brief remarks 
relative to the more common impurities of reagents, toge- 
ther with their principal uses, will probably be found useful 
to the student. 

The substances are arranged alphabetically for more 
convenient reference. 

617. Acetate of Lead (Plumbic Acetoite), Pb(C.dIg02)2* — 
Acetate of lead is used as a test for several acids which 
form with oxide of lead insoluble salts. For testing, one 
part of the salt may be dissolved in ten parts of water. 
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618 . Acetate of Potash {Potassi/iim Acetate), 2. — 

The commercial salt is liable to contain carbonate of 
potash, which causes it to effervesce when mixed with 
hydrochloric acid. Solution of acetate of potash should 
not be tinged by hydrosulphate of ammonia. The salt 
may be dissolved for use in three times its weight of water. 

619 . Acetic Acid, HCgHgOg. — This acid is often contami- 
nated with one or more of the following substances : 
sulphuric, sulphurous, and hydrochloric acids, lead, and 
certain saline matters. 

{a) Any fixed impurity may be detected by heating a 
little on a slip of glass. 

(2>) Add to a portion of the diluted acid, a solution of 
chloride of barium : if sulphuric acid is present, a white 
precipitate is thrown down. 

(c) Test for sulphurous acid by (372). 

(d) Nitrate of silver, added to the diluted acid, gives a 
white curdy precipitate, which is insoluble in nitric acid, 
if any hydrochloric acid is present. 

(e) Neutralize a small portion with ammonia, and add 
hydrosulphuric acid or hydrosulphate of ammonia : if lead 
or any other metallic substance is present (except the 
alkalies and alkaline earths), a precipitate is produced. 

Acetic acid is chiefly employed in the laboratory as 
a solvent, and for the purpose of acidifying solutions, 
in cases where hydrochloric and nitric acids would act pre- 
judicially. 

620. Alcohol, CoHfiO. — The alcohol commonly used in 
chemical experiments should have a specific gravity of 
about 0'83, except in cases where absolute alcohol is re- 
quired, when it should be 0*796.* When evaporated on 
glass, it should leave no residue, and should not change 
the colour of litmus paper. It is used chiefly as a solvent, 
and for the purpose of facilitating the precipitation of 
substances which are less soluble in it than in water. 

621 . Ammonia, NHg. — The liquid ammonia of the shops 
is generally sufficiently pure for most purposes of analysis ; 
it sometimes, however, contains traces of carbonate, sul- 
phate, and muriate of ammonia, and occasionally chloride 
of calcium. The carbonate is detected by adding lime 
water ; the sulphate by supersaturating with dilute hydro- 

* The Btrenjfth of anj sample may be inferred from its specific gravity by 
reference to Table VII. m the Appendix. 
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cliloric acid, and testing with chloride of barium ; the chlo- 
ride of ammonium may be detected by supersaturating 
with nitric acid, and adding nitrate of silver; and the lime 
(chloride of calcium) with oxalate of ammonia. 

Ammonia is used chiefly for the purpose of neutrahzing 
acid solutions, and for precipitating metallic oxides from 
their solutions, most of which are decomposed by it. 

Its specific gravity should be about 0*88 (see Table YI. 
in Appendix). For ordinary use, it is advisable to dilute 
it with an equal bulk of water. 

622. Antlmoniate of Potash (Potassium Antimoniate), 
K 2 H 2 Sb 207 . — This substance seldom or never contains 
any impurity that can interfere with its action as a test 
for soda, which is the only use to which it is applied in the 
laboratory. One part of the ordinary antimoniate should 
be boiled with twenty parts of water and filtered. The 
solution must be kept in a well-stoppered bottle, and care- 
fully excluded from the air, as the carbonic acid is liable 
to decompose it, and cause a precipitation of antimonic 
acid. Its solution should give a decided crystalline 
precipitate, with even a dilute solution of carbonate of 
soda. 

623. Baryta Water, BaH202. — In solution, hydrate of 
baryta is employed in order to separate magnesia from 
the alkalies ; it is prepared by boiling the crystallized 
hydrate with about 20 parts of water. The solution must 
be preserved from contact with the air, for the carbonic 
acid of the latter will precipitate the baryta as carbonate. 

The dry hydrate is used in the decomposition of inso- 
luble silicates in order to test them for alkalies ; it should 
therefore be free from these latter, which may be ascer- 
tained by dissolving in dilute hydrochloric acid, precipi- 
tating the baryta by ammonia and carbonate of ammonia, 
with the aid of heat, filtering, evaporating to dryness, 
and igniting, when no residue should be left. 

624. Bichloride of Platinum (Platinic Chloride),PtC \^. — 
Bichloride of platinum is employed only as a test for 
potash and ammonia ; it is prepared by dissolving scraps 
of platinum foil (previously cleaned by boiling in strong 
hydrochloric acid) in nitro-hydrochloric acid, and evapo- 
rating this solution at a moderate heat to a syrupy con«i* 
sistence ; it may be dissolved in so much water that the 
solution gives an immediate crystalline precipitate with a 

Q 
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moderately dilute solution of chloride of potassium or 
chloride of ammonium. 

625. Black Flux. — Black flux is an intimate mixture of 
carbonate of potash and finely divided charcoal, and is 
prepared by deflagrating in an iron spoon or crucible a 
mixture of two parts of bitartrate of potash and one of 
nitre. It is used as a reducing flux in blowpipe experi- 
ments. For most purposes, an intimate mixture of eight 
parts of dry carbonate of soda and one part of very finely 
powdered wood charcoal will answer equally well. 

626. Borax {Bihorate of Soda) (Add Sodium Borate), 
Na20.2B20g. — Borax occasionally contains traces of sul- 
phate and chloride, which may be detected in the same way 
as in the phosphate of soda (655). It is employed almost 
exclusively as a flux in blowpipe experiments, for which 
purpose it is admirably adapted ; the second equivalent 
of boracic acid which it contains, exerts a strong attrac- 
tion for bases at a high temperature, and is capable of 
displacing several acids from their combinations ; it also 
forms many double compounds and mixtures which are 
readily fusible. 

627. Carhonaie of Ammonia (Ammonium Carhonate), 
(1^114)2003. — The common carbonate of ammonia is a ses- 
quicarbonate, or a compound of the neutral carbonate and 
the bicarbonate. When the neutral carbonate is required, 
and it is the best suited for most purposes of analysis, it may 
be prepared in solution by dissolving one part, by weight, 
of the sesquicarbonate, in three or four parts of water, 
and adding one part of liquid ammonia (sp. gr. 0’96). It 
is frequently employed in analysis, to precipitate some of 
the metals as carbonates ; it is also used to neutralize acid 
solutions, and for other purposes.* 

628. It is occasionally contaminated with traces of 
animal oil, chloride of ammonium, sulphate of ammonia, 
and oxide of iron. 

(a) Heat a small fragment on platinum foil ; if any 
fixed saline impurity is present, it will be left after igni- 
tion, and if any charring takes place, it indicates the 
presence of animal matter. 

(h) Supersaturate a little of the solution with nitric 

• A saturated solation of the sesquicarbonate, prepared by agitatinpr an 
excess of the salt with cold water (about 1 part of tbe salt to 3 of water), is 
required for some purposes, as for the separation of tin and antimony. 
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acid, and add to one portion a few drops of chloride of 
barium ; a white precipitate, insoluble in nitric acid, in- 
dicates sulphuric acid. 

(c) To the other portion of the acid solution, add nitrate 
of silver ; if any chloride of ammonium is present, it will 
cause a white curdy precipitate. 

{d) Add a little nydrosulphate of ammonia to the solu- 
tion; a dark tinge indicates the presence of a trace of 
iron. 

629. Carhonate of Potash (Potassium Ca/rhonate), 
KgCOg. — This salt generally contains traces of sulphate 
and chloride, and occasionally silica and alumina. 

(a) A solution, supersaturated with hydrochloric acid, 
and tested with chloride of barium, gives a white preci- 
pitate if any sulphuric acid is present. 

(b) A solution acidified with nitric acid gives, with 
nitrate of silver, a white curdy precipitate, if it contains 
chloride of potassium. 

(c) Neutralize a portion of the solution with hydro- 
chloric acid, and evaporate to dryness ; if the residue does 
not wholly dissolve when treated with hydrochloric acid, 
silica is probably present. 

(d) If ammonia causes, in the hydrochloric solution, a 
white gelatinous precipitate, alumina is probably present. 

Carbonate of potash is frequently employed to precipi- 
tate metallic oxides and carbonates from tlieir soluble 
combinations, and for the purpose of neutralizing acid 
solutions. 

630. Carbonate of Soda (Sodium Carbonate), Na 2 C 03 . 
— The best method of preparing pure carbonate of soda is 
to ignite the bicarbonate, when the second equivalent of 
carbonic acid and the water are expelled, and pure anhy- 
drous carbonate is left. The salt of commerce frequently 
contains a little sulphate and chloride, which may be 
detected in the manner already detailed (629, a and &). 
The more impure varieties contain also traces of sulphide 
of sodium, and sulphite and hyposulphite of soda. If 
sulphide of sodium be present, hydro sulphuric acid (re- 
cognised by paper moistened with acetate of lead) will be 
evolved on adding hydrochloric acid in excess. If sul- 
phite of soda be present, the acid solution will smell of 
sulphurous acid, and wiU evolve hydrosulphuric acid 
when a fragment of zinc is dropped into it. The pre- 
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sence of hyposulphite of soda would cause the acid solu- 
tion to become turbid when heated, at the same time 
disengaging sulphurous acid. 

It is employed for the same purposes as carbonate of 
potash (629), also as a flux for the blowpipe, and for fusing 
with insoluble silicates,* &c. For use as a liquid reagent, 
one part of the crystallized salt may be dissolved in three 
parts of water. 

631. Chloride of Ammonium {Ammonium Chloride), 
NH 4 CI. — The sal-ammoniac of commerce usually con- 
tains a considerable quantity of iron ; and must there- 
fore be purified, for analytical purposes, by crystalliza- 
tion.f If pure, it should be entirely volatilized when 
heated on platinum foil, and its solution should not give 
any precipitate with chloride of barium or dark tinge with 
hydrosulphate of ammonia. One part of the salt should 
be dissolved in eight parts of water. 

682. Chloride of Barium {Barium Chloride), BaClj. 
— Chloride of barium sometimes contains traces of iron 
and lime. It should not be discoloured by hydrosulphate 
of ammonia, and, after being treated with a slight excess 
of sulphuric acid, and filtered, the clear solution should 
leave no fixed residue when evaporated on platinum foil ; 
because the whole of the baryta is separated by the sul- 
phuric acid, and any other fixed matter must be some 
impurity. 

It is used chiefly for the purpose of testing for acids, 
especially sulphuric, with which it forms the insoluble 
sulphate of baryta. For use, one part of the salt may be 
dissolved in ten parts of water. 

633. Chloride of Calcium {Calcium Chloride), CaClg. 
— This substance occasionally contains a little free lime 
or hydrochloric acid, and traces of iron. The first are 

* The carbonate qf potash and soda, prepared by incinerating: Rochelle 
Balt (tartrate of potash and soda) is generally used for the decomposition of 
silicates, beinf? much more fusible than the simple carbonates. A mixture of 
63 parts of dry carbonate of soda with 69 parts of dry carbonate of potash will 
answer the purpose. 

t Dissolve the sal-ammoniac of commerce in about three parts of hot 
water ; add to the solution a little ammonia and some freshly prepared hydro- 
Bulphate of ammonia as long as it produces a darker tinge in the liquid. Set 
it aside for twelve hours, in order that the sulphide of iron may be deposited, 
filter and evaporate the clear solution till it begins to crystallize, when it may 
be set aside. The product may be purified by again dissolving in water and 
reorystalUzing. 
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detected by test papers, and the last, if present, causes 
hydrosulpnate of ammonia to throw down in the solution 
a black precipitate, or to impart a greenish tint to the 
liquid. As a reagent, chloride of calcium is employed 
chiefly in testing for some of the organic acids. It is also 
of great use in the laboratory as a drying agent, having 
so strong an attraction for water, that a moist gas passed 
over it is rapidly and completely deprived of its water. 
For this purpose the chloride need not be absolutely 
pure ; it snould not be fused, but merely dried, as the 
unfused is more porous, and consequently ofiers a larger 
amount of surface to any gas passed over it. A solution 
of crystallized chloride of calcium in three parts of water 
may be used as a reagent. 

634. Chromate of Potash (Potassmm Chromate), K 2 Cr 04 . 
— This salt occasionally contains traces of sulphate of 
potash, which is readily detected by precipitating a little 
of the solution with chloride of barium, and adding an 
excess of hydrochloric acid which redissolves the chro- 
mate of baryta, while any sulphate remains insoluble. 

It is employed as a test for several of the metallic 
oxides, with many of which it forms insoluble salts (chro- 
mates) of characteristic colours, as the chromate of lead, 
which is bright yellow. For use as a reagent it may be 
dissolved in ten times its weight of water.* 

635. Cyanide of Potassium (Potassium Cyanide), KCN. 
— Cyanide of potassium is sometimes used in blowpipe ex- 
periments, and also as a liquid test. It should be white, 
and entirely soluble in water. 

636. Ferricyanide of Potassium (Red Prussiate of 
Potash), KgOy^Fe. — It occasionally contains traces of 
the yellow prussiate, which is easily detected by the solu- 
tion giving , a blue precipitate or green colour with per- 
chloride of iron (313). It is used as a test for the proto- 
salts of iron, with which it forms a blue precipitate, which 
is similar in appearance to that formed by ferrocyanide of 
potassium witn the persalts (312). It may be dissolved 
in ten or flfteen parts of water. 

637. Ferrocyanide of Potassium (Yellow Prussiate of 
Potash), K 4 Cy 0 Fe. — This salt, as met with in commerce, 

* The bichromate is a better salt to keep in solution, as the chromate 
attacks the glass of the bottles and renders it opaque. 
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is sufficiently pure for the purposes of testing. It is em- 
ployed as a test for the persalts of iron, with which it 
forms a deep blue precipitate of Prussian blue. It gives 
characteristic precipitates, also, with some other metals. 
For use as a reagent, one part of the salt may be dissolved 
in fifteen or twenty parts of water. 

638. Hydrochloric Acid, HCl. — This acid, in the form 
met with in commerce, is never pure, usually containing 
sulphurous acid, sulphuric acid, and chloride of iron, and 
occasionally free chlorine and chloride of arsenic. 

{a) Evaporate a drop or two on a piece of glass : if 
pure, no residue is left. 

(h) Dilute a portion with four or five times its bulk of 
distilled water, and add a drop of chloride of barium : if 
sulphuric acid is present, a white precipitate is produced. 

(c) Add ammonia in excess, and a drop of hydrosul- 
phate of ammonia : a black or green precipitate indicates 
iron. 

{d) Add a little of the acid to water tinged with sul- 
phate of indigo : if it contains free chlorine, the blue 
colour is bleached. 

(e) Arsenic may be detected by Marsh’s or Reinsch’s 
test (257. 267). 

(/) Sulphurous acid maybe detected by dissolving a 
fragment of zinc in the acid, when hydrosulphuric acid 
will be evolved, and may be recognised by paper moistened 
with acetate of lead (372). 

The uses of hydrochloric acid are very numerous, espe- 
cially in analysis, in which it is of constant value as a 
solvent for substances which are insoluble in water ; 
many of the metals dissolve readily in it, forming soluble 
chlorides, and it is occasionally used to precipitate silver 
and mercury from their solutions. 

When dilute hydrochloric acid is required, the strong 
acid may be diluted with about twice its bulk of water. 
The strong acid should have the specific gravity 1*20 (see 
Table III. in Appendix). 

639. Hy dr oflao silicic Acid, 2 HF.SiF 4 . — In order to 
prepare this reagent, a mixture of equal parts of finely 
powdered fluor spar and sand (or better, powdered glass) 
IS heated with six parts of concentrated sulphuric acid in 
a large dry flask. The gaseous fluoride of silicon thus 
evolved, is conducted through a dry tube bent twice at 
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right angles, into a glass filled with water, but containing 
at the bottom a sufficient quantity of mercury to cover 
the orifice of the delivery tube, in order to prevent its 
being choked by the gelatinous silica which is deposited 
as soon as the gas meets the water (406). The solution 
is filtered from the silica and is ready for use. It should 
give a decided crystalline precipitate with chloride of 
barium, but none with the chlorides of calcium and 
strontium. 

Hydrofluo silicic acid is chiefly employed as a test for 
baryta. 

640. Hydrosulpliate of Ammonia (Suljddde of Ammo- 
nium) ( 1 ^ 114 ) 28 . — Hydrosulphato of ammonia is prepared 
by passing a stream of hydrosulphuric acid gas (641) 
through a solution of ammonia until it is saturated.* To 
ascertain whether the saturation is complete, a few drops 
may be tested with sulphate of magnesia ; if the ammonia 
is saturated, this gives no precij^itate ; but if any free 
ammonia is left, it throws down the hydrate of magnesia. 
When first prepared, the solution is almost colourless, 
but it gradually becomes yellow, owing to partial decom- 
position, the oxygen of the air combining with the hy- 
drogen, while sulphur is set free, and remains dissolved : 
when this decomposition has taken place, the addition of 
an acid causes not only the evolution of hydrosulphuric 
acid, but also precipitates the dissolved sulphurf (379). 

Hydrosulphate of ammonia is much used, both in 
qualitative and quantitative analysis, chiefly for the pur- 
pose of precipitating certain metals from their solutions, 
and for separating the metals of the second class from the 
alkalies and alkaline earths. 

641. Hydroeul'phioric Acid {SuljjhureMed Hydrogen) 
HoS. — This reagent, whether required in the gaseous form 
or in solution, is always prepared in the laboratory. 
Fragments of sulphide (sulphuret) of iron are placed in a 
bottle (fig. 98), together with three or four ounces of 
water ; a little strong sulphuric acid is then added, which 
disengages the gas, sulphate of iron being produced. The 

* Strictly speaklnf?, it is the ammonium hydrosulphide NH^HS which is thus 
obtained. NH8+H2S=NH4KS. This is sometimes mixed with an equal 
volume of NHg to furnish ammonium sulphide. NH4H8+NH3+ (NH4)2S. 

t Very yellow hydrosulphate of ammonia is unfit for use. on account of the 
ease with which it deposits sulphur, even on dilution. When too yellow for 
use, it gives a red (instead of black) precipitate with acetate of lead. 
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gas tlius formed is passed 
through water contained in 
the second bottle, for the pur- 
pose of purifying it from any 
sulphuric acid and iron that 
may have been carried over 
mechanically, and is then 
conducted, by the bent tube, 
/, into a bottle of distilled 
water, when an aqueous solu- 
tion of the gas is required, or 
into a glass containing any 
E solution which it is intended 
to act upon . 

Fig. 98 . Sulphuretted hydro- It must be borne in mind 
^en Apparatus. when experimenting with this 

gas, that it is not only highly 
offensive, but poisonous, and induces headache and nausea 
even when largely diluted with air ; on this account it 
should be prepared either near a ventilating flue, or in 
the open air, never in a close room. 

In most cases of mere testing, the aqueous solution 
is the most convenient form in which to apply it. The 
water should be saturated with the gas, of which it is 
capable of retaining in solution about two or three times its 
volume ; this may be judged of by its strong disagreeable 
smell, resembling that of rotten eggs, and by its giving a 
copious white precipitate of sulphur when treated with 
perchloride of iron (308). It should also be tested for iron, 
which it sometimes contains when carelessly prepared : if 
such is the case, it becomes dark-coloured on the addition 
of ammonia, owing to the formation of sulphide of iron. 
The solution should not be kept long, as it is liable to de- 
compose, unless carefully closed from the air, the oxygen 
of which combines with the hydrogen to form water, while 
sulphur is deposited.* 

When it is required to ])recipitate, by hydrosulphuric 
acid, the whole of any metal in a solution, it is often neces- 
sary to pass the gas at once into it ; and this should be 

* In order to keep it as long os possible, the stopper should be ceased, and 
the bottle kept inverted. When it is decomposed, the same (and not fresh) 
water should be a^ain saturated with the gas, since all the free oxygen dis- 
solved in it has been consumed. 
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continued until the liquid is saturated, which is known 
by removing the gas-delivering tube, and blowing away 
the superincumbent air : when, if it smells distinctly of 
the gas, the solution may be considered saturated, and 
the whole of the metal must have been converted into 
sulphide. 

The important uses to which hydrosulphuric acid is 
applied, render it of great value in many processes of ana- 
lysis. It precipitates many of the metals from their solu- 
tions as insoluble sulphides; and is one of the reagents 
employed in determining the class to which an unknown 
metal in solution belongs. It is also extensively used in 
quantitative analysis, on account of the perfect manner in 
which it separates the whole of many of the metals from 
their solutions. Hydrosulphuric acid is also sometimes 
useful as a deoxidizing agent, reducing metallic oxides in 
solution to a lower degree of oxidation, as the peroxide of 
iron to the protoxide ; this property is owing to the facility 
with which it is decomposed, yielding up its hydrogen to 
the oxygen of the oxide, while the sulphur is usually set 
free (308). 

642. Iodide of Totassium {Potassium Iodide) ^ KI.— 
Iodide of potassium is often adulterated with carbonate 
of potash ; sulphate of potash and chloride of potassium 
are also often present. It should always be in the form 
of well-defined (cubical) crystals, as the adulterated varie- 
ties are readily distinguishable by their imperfect crystal- 
line form. 

(a) Add a little dilute hydrochloric acid : if effervescence 
takes place, some carbonate is present. 

(h) If sulphates are present, they may be detected by 
adding chloride of barium, which will, in that case, cause 
a white precipitate, insoluble in hydrochloric acid. 

(c) Add a little nitrate of silver : this will cause a pale 
yellow precipitate of iodide of silver, together with chlo- 
ride of silver, in case any soluble chloride is present. To 
separate them, filter the mixture, and after washing the 
precipitate, treat it with a slight excess of ammonia, which 
dissolves the chloride, and leaves the iodide undissolved ; 
on neutralizing the ammoniacal solution with nitric acid, 
the appearance of a white curdy precipitate indicates the 
presence of a chloride. 

Iodide of potassium is employed chiefly as a test for 
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lead, mercury, and occasionally some of tlie other metals. 
For use as a reagent, one part of the salt may be dis- 
solved in twenty parts of water. 

643. Lime Water, 0aH202. — This reagent is prepared 
by digesting hydrate of lime in cold distilled water for an 
hour or two, stirring the mixture occasionally, and when 
the undissolved portion of the lime has subsided, pouring 
off the clear solution. As it is liable to spoil when ex- 
posed to the air, owing to the absorption of carbonic acid, 
it should be kept in a well-stoppered bottle. 

Lime water should be sufhciently strong to turn the 
yellow colour of turmeric instantly and decidedly brown : 
and, when tested with carbonate of soda, should throw 
down a copious white precipitate of carbonate of lime. 
It is used as a test for carbonic acid and some of the 
organic acids. 

644. Nitrate of Baryta (Barium Nitrate), Ba(!N’03)2. — 
!N^itrate of baryta is liable to the same impurities as chlo- 
ride of barium (632), and they may be detected in the 
same way. It should also be free from any chloride, 
which may be known by adding nitrate of silver. Its uses 
are the same as those of chloride of barium, for which it 
is occasionally substituted in cases when the addition of 
the chloride would interfere with the subsequent stages 
of an analysis, as when we have to test for chlorides in 
the same solution. For use, it may be dissolved in ten 
parts of water. 

Nitrate of baryta is also employed in the examination 
of insoluble substances for alkalies. It should be tested 
for these in the same manner as hydrate of baryta 
(623). 

645. Nitrate of Cohalt, 00(^03)2. — This reagent is 
used chiefly for the detection of alumina, zinc, magnesia, 
and some other substances, by means of the blowpipe. 
The solution employed for this purpose may contain one 
part of the salt dissolved in ten of water. It should be 
kept in a small bottle, furnished with a cork and dropping- 
tube. 

646. Nitrate of Potash (Potassium Nitrate), KNOg. — 
Nitrate of potash often contains traces of sulphate and 
chloride, and occasionally nitrates of soda and lime. 

(a and h) The sulphate and chloride may be detected 
with chloride of barium and nitrate of silver. 
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(c) If lime be present, it causes a precipitate when the 
solution is treated with oxalate of ammonia. 

{d) The presence of nitrate of soda causes the salt to 
impart a yellow colour to flame. 

It is used almost exclusively in the dry state, for the 
purpose of oxidizing substances which resist other methods 
of oxidation ; this property is owing to the oxygen of the 
nitric acid being loosely combined, and at a high tempera- 
ture readily yielded up to any substance which has a 
strong attraction for it, such as sulphides, organic mat- 
ters, &c. 

647. Nitrate of Silver {Argentic Nitrate)^ AgNOg. — 
This reagent is sometimes adulterated with nitrate of 
potash, and occasionally contains traces of copper and 
lead. When precipitated by a slight excess of hydro- 
chloric acid, the filtered solution ought to leave no fixed 
residue when evaporated on platinum foil, as the whole of 
the silver would be thrown down, and any impurity would 
remain in solution. Copper is detected by adding am- 
monia in excess to the solution, when it will give the 
liquid a blue tinge. Nitrate of silver is used chiefly as a 
test for chlorine (chlorides and hydrochloric acid), and 
also for phosphoric and some of the other acids. For use 
as a reagent, one part of the salt may be dissolved in 
twenty parts of water. 

648. The ammonio -nitrate of silver, used as a test for 
arsenic, is prepared by adding ammonia to a solution of 
the nitrate, until the precipitate at first thrown down is 
just redissolved. 

649. Nitric Acid, HNOg. — Nitric acid, as met with in 
commerce, usually contains sulphuric and hydrochloric 
acids, and occasionally a little fixed saline matter. If it 
be red or yellow, it contains nitrous acid, which does 
not interfere with its ordinary uses in the course of 
analysis.* 

(a) The saline matter may be detected by evaporating a 
few drops on a slip of glass, when any fixed impurities 
will be left. 

Dilute a little of the acid with water, and divide it into 
two portions. 

* Iodic acid is occasionally present in nitric acid, and may be detected in 
the residue after evaporating to dryness, by adding starch and a little sul- 
phurous acid, which will give a blue colour. 
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(h) To tlie first, add chloride of barium : if a white pre- 
cipitate is produced, sulphuric acid is present (87). 

(c) To the other, add nitrate of silver: a white pre- 
cipitate, soluble in ammonia, indicates hydrochloric 
acid. 

Nitric acid is used chiefly as a solvent for substances 
which are insoluble in water, especially for some of the 
metals, which it readily oxidizes, and converts into ni- 
trates, nearly all of which are soluble in water. It is also 
frequently employed to raise compounds to a higher state 
of oxidation, as in converting the protoxide of iron into 
the peroxide. 

When dilute nitric acid is required, it may be prepared 
by mixing one part of the strong acid with two parts of 
distilled water. The specific gravity of the strong acid 
should be 1*42 (see Table II. in Appendix). 

650. Nitr ohy dr 0 chloric Acid (Aiiiui lier/ia ). — This is 
always prepared when required, by mixing together strong 
nitric and hydrochloric acids, usually in the proportion of 
one part of nitric to four of hydrochloric. Its chief uses 
depend on its intense oxidizing or chlorinizing pro- 
perties, whereby the most refractory metals, some of 
which resist the action of all other acids, are brought into 
solution. 

651. Oxalate of Ammonia {Ammonium Oxalate)^ 
(NH 4 ) 2 C 2 C) 4 — This salt, as met with in the shops, is 
suf&ciently pure for all purposes of analysis.* Like 
oxalic acid, it is employed chiefly for the purpose of pre- 
cipitating lime from its solutions ; for this purpose, it may 
be dissolved in about six times its weight of water. 

652. Oxalic Acid, H 2 O 2 O 4 . — Oxalic acid occasionally con- 
tains traces of nitric acid (which causes it to deliquesce 
in damp air, and to have a slightly acid smell), and also 
fixed saline matter. 

(a) The former may be detected by sulphate of iron 
(367). 

{h) The latter is left as a fixed residue after ignition on 
platinum foil. 

It may be easily purified by rec^stallization. 

The chief use to which oxalic acid is applied in analysis, 

* The oxalate at present found in commerce often changes after a short 
time into carbonate, when kept in solution. It then effervesces in addition of 
HCl. 
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is to precipitate lime from its solutions. For use as a 
test, one part of the crystallized acid may be dissolved in 
ten parts of water. 

653. PercMoride of Iron (Ferric Chloride), Fe 2 Cl 6 . — 
This salt is liable to contain a little free acid, and traces 
of the protochloride. The free acid is detected by adding 
a very little ammonia, when the first precipitate will 
disappear on shaking, if free acid be present. If any 
protosalt of iron is present, the solution gives a blue 
colour with ferridcyanide of potassium. It is used as a 
test for some of the organic acids, and is also sometimes 
useful in the determination of phosphoric acid. It may 
be dissolved in five parts of water.* 

654. PercMoride of Mercury (Mercuric Chloride), 
HgCl 2 . — This is occasionally employed as a test for tin, for 
hydriodic and some other acids, and also for some kinds 
of organic matter : it may be dissolved in twenty parts of 
water. 

655. Phosjphate of Soda (Hydro-di-sodic Phosphate), 
Na 2 HP 04 . — This salt sometimes contains a little sulphate 
and chloride. To detect these impurities, add to one 
portion, in solution, chloride of barium, and to the other 
nitrate of silver, and supersaturate both with nitric acid ; 
if the precipitate does not entirely dissolve in either case, 
a sulphate or chloride is present. 

It is employed chiefly as a test for magnesia, with 
which it forms, in the presence of ammoniacal salts, the 
double phosphate of magnesia and ammonia. For the 
purposes of testing, it may be dissolved in ten parts of 
water. 

656. Phosphate of Soda and Amymonia (Microcosmic 
Salt). — This salt occasionally contains traces of chloride 
of sodium, which may readily be detected by adding a few 
drops of nitrate of silver to a solution of the salt, acidified 
with nitric acid, when a curdy white precipitate indicates 
the presence of the chloride. 

Microcosmic salt is used almost exclusively in blowpipe 
experiments ; when heated, it is decomposed, the ammonia 
and water are expelled, and metaphosphate of soda is 
left. 

657. Potash (Potassium Hydrate), KHO. — On account < 
of its strong attraction for many substances, caustic pot- 

* It is usually purchased in the form of solution. 
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ast is rarely found free from impurities. Those most 
commonly met with are organic matter, sulphate and 
carbonate of potash, chloride of potassium, silicic acid, 
alumina, and oxide of lead.* 

(a) If organic matter is present, the solution of potash 
is more or less brown, and, on evaporation, leaves a brown 
residue. 

(h) Sulphuric acid is detected by diluting the potash 
with water, supersaturating with nitric or hydrochloric 
acid, and adding chloride of barium, when, if it is present, 
the white insoluble sulphate is thrown down. 

(c) If carbonic acid is present, it causes effervescence 
when the solution is supersaturated with hydrochloric 
acid. 

{d) A little of the diluted solution is supersaturated 
with nitric acid, and tested with nitrate of silver : a white 
curdy precipitate, soluble in ammonia, indicates chloride 
of potassium. 

(e) Neutralize a small portion with hydrochloric acid, 
and evaporate to dryness : if the residue is not wholly 
soluble in hydrochloric acid, silica is probably present. 

(/) If alumina is present, it will be precipitated when 
the hydrochloric solution from (e) is treated with a dight 
excess of ammonia. 

(g) If lead be present, the potash will give a dark 
precipitate or coloration with hydrosulphate of am- 
monia. 

Potash is used chiefly for the purpose of precipitating 
some of the metallic oxides from their saline solutions, 
which it does on account of its strong attraction for the 
acids with which they were in combination. It is em- 
ployed also for neutralizing acid solutions, decomposing 
organic compounds, and many other purposes. A solu- 
tion of potash having a specific gravity of about 1060 
(about one part of the solid hydrate dissolved in eight parts 
of water) is of convenient strength for most analytical 
purposes. (See Table in Appendix). 

658. Protochloride of Tin (Sfmmons Chloride), SnClg. — 
Protochloride of tin is prepared by boiling metallic tin 
in strong hydrochloric acid, care being taken that a por- 

♦ When potash is kept in flint-^lass bottles, it dissolves oxide of lead from 
the glass. German or green glass bottles are preferable. Nitrate of potash 
is sometimes present in the fused potash of commerce. 
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tion of the metal remains nndissolved, as otherwise 
a little perchloride might be formed : the solution is 
then diluted with about four times its bulk of water. 
A few fragments of metallic tin should be kept in the 
solution, in order to prevent the formation of any per- 
chloride. 

Protochloride of tin is employed chiefly as a test for 
gold and mercury, and also as a dechlorinizing agent, for 
which purpose it is well adapted, on account of its strong 
tendency to combine with chlorine. 

It occasionally contains traces of lead and iron, T^hich 
may be detected by adding yellow hydrosulphate of 
ammonia in excess to the solution and applying heat, 
when, if pure, the precipitate is wholly redissolved, 
but if either of those metals is present, a black residue 
is left, since their sul])hides are insoluble in the hydro- 
sulphate. 

659. Solution of Starch, CfiHjyOg. — This is made by 
mixing 50 grains of white starch with an ounce of water 
in a mortar, and pouring the mixture by degrees into five 
ounces of boiling water, with constant stirring. It is em- 
ployed as a test for iodine, for which purpose small pieces 
of thread or paper may be steeped in the solution, dried, 
and kept for use. 

660. Sidphatc of Copper {Cupric Sulphate), CUSO 4 . — 
This salt is occasionally used as a test for arsenic, and 
for other purposes : it may be dissolved in ten parts of 
water. The ammonio -sulphate of copper, which is also 
used in testing for arsenic, is prepared by adding ammonia 
to the solution of sulphate of copper, until the precipitate 
at first formed is nearly all redissolved, when the solution 
is filtered, and kept for use. 

661. Sulphate of Iron (Ferrous Sulphate), FeS 04 . — It 
is advisable to preserve this salt in the solid state, since 
its solution absorbs oxygen readily from the air ; it is 
employed chiefly in testing for mtric and hydrocyanic 
acids. 

662. Sulphate of Lime (Calcium Sulphate)^ CaS 04 . — 
Sulphate of lime being very sparingly soluble in water, is 
always used in the form of a saturated solution, which is 
prepared by digesting the sulphate in hot water, stirring 
it occasionally, and filtering off the clear solution from the 
undissolved portion. It is used chiefly for distinguishing 



240 


BEAGENTS. 


baryta from strontia. The solution ought to give an im- 
mediate precipitate of sulphate of baryta, when tested 
with chloride of barium. 

663. Sulphate of Magnesia (Magnesium Sulphate), 
MgS04. — This salt is employed as a test for phosphoric 
acid; a cold saturated solution is convenient for this 
purpose. It must not give any precipitate with am- 
monia in presence of chloride of ammonium even on 
standing. 

664. Sulphate of Manganese (Manganous Sulphate), 
MnS04. — A solution of this salt is employed in testing for 
hypochlorites. 

665. Sulphide of Ammonium; see Hydrosulphate of 
Ammonia. 

666. Sulphindigotic Add . — This substance may be pre- 
pared in solution, by dissolving a little indigo in strong 
sulphuric acid, and diluting the acid solution with water, 
so as to form a pale blue liq^uid. It is used chiefly as a 
test for nitric acid and chlorine, by which it is decomposed, 
and its colour discharged. 

667. Sulphur should be tested by gently heating about 
ten grains in an open porcelain crucible, when no residue 
should be left after the combustion of the sulphur. 

668. Stdphuric Add,* H2SO4. — Sulphuric acid, as 
found in commerce, is never pure. The most common 
impurities are sulphate of lead, nitric acid, or binoxide 
of nitrogen, and occasionally arsenic, and saline matters. 

(a) If it contains the first, it will become turbid when 
diluted with four or five times its bulk of water, owing to 
the sulphate of lead, which is soluble in the strong acid, 
being insoluble in the dilute. 

(h) Nitric acid, or the binoxide of nitrogen, is detected 
by boiling a small portion tinged with a solution of sul- 
phate of indigo, when, if nitric acid is present, the blue 
colour will disappear.f 

(c) Arsenic may be detected by Marsh’s test (257), or 
by mixing the sulphuric acid with an excess of an acid 
solution of stannous chloride, and heating, when a dark 
brown precipitate of arsenic is obtained. 

♦ The strength of the acid is indicated by its specific gravity, which should 
be about 1‘84. (See Appendix, Table 1.) 

t A more delicate test consists in pouring the acid slowly down to the 
bottom of a test-tube containing solution of sulphate of iron (367). 
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(d) Any fixed saline impurity remains as a residue when 
a few drops of the acid are evaporated on platinum foil. 

669. The uses of sulphuric acid are very numerous. 
Besides being employed extensively in many branches of 
manufacture, it is used in the laboratory as a powerful 
decomposing agent ; owing to its strong attraction for 
bases, nearly all saline compounds are decomposed by it, 
and its solvent powers are also very great. It is often 
employed for the purpose of decomposing organic matter ; 
also in the preparation of hydrogen, hydrosulphuric acid, 
and other gases; as a test for certain metals, and for 
many other purposes. 

670. When dilute sulphuric acid is required, it is pre- 
pared by mixing together in a beaker, one part of the 
strong acid with four parts of distilled water, always 
adding the acid to the water, which should be kept con- 
stantly stirred, and allowing the precipitated sulphate of 
lead (if any) to subside, after which the clear liquid may 
be poured ofi*. 

671. Tartaric Acid, H 2 C 4 H 40 ( 5 . — Tartaric acid some- 
times contains a trace of lime and sulifiiuric acid, but is 
usually sufficiently pure for analytical purposes. The 
lime may be detected by neutralizing a portion with am- 
monia, and adding oxalate of ammonia ; and the sulphuric 
acid by chloride of barium. 

Tartaric acid is used as a test for potash, with which 
it forms a sparingly soluble bitartrate. Its property of 
preventing the precipitation of iron and some other 
metals by the alkalies (448) is occasionally made available 
in analysis. It should be kept in a solid state, and a 
solution made when required, as when kept in solution 
it soon becomes mouldy ;* for this purpose the crystallized 
acid may be dissolved m about three times its weight of 
water. 

672. Water . — Pure distilled water is prepared by care- 
fully distilling any of the common kinds of water either 
in a still or retort, rejecting the first and last portions 
(67). For many purposes, rain water, when collected 
at a distance from towns or manufactories, and boiled and 
filtered, will be found sufficiently pure ; but in analytical 
experiments, distilled water ought always to be used. 

* This may be prevented by adding a very minute quantity of carbolic acid, 
which does not interfere with the uses of tartaric acid in analysis. 

E 
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673. Before taking it into use, it shonld be tested witb 
the following reagents : — 

(a) Litmus and turmeric paper, for free acids and 
alkalies. 

(b) Chloride of barium for sulphates. 

(c) Nitrate of silver for chlorides. The mixture shortly 
becomes dark-coloured, if organic matter is present. 

(d) Oxalate of ammonia for lime. 

(e) Lime water for carbonic acid. 

(/) Hydrosulphate of ammonia for any metals of the 
first or second class. 

(g) When heated on a slip of glass it should leave the 
very slightest trace of solid residue. 

674. Zinc . — In order to granulate it, scrap zinc is 
melted in an iron ladle, and poured from a height of eight 
or ten feet, in a slender stream, into a pail of water. It 
is liable to contain a little antimony and arsenic, which 
may be detected by Marsh’s test (257). 

The black scales which are left when commercial zinc is 
dissolved in dilute sulphuric or hydrochloric acid consist 
of lead ; and a little tin may sometimes be detected in the 
hydrochloric solution by perchloride of mercury (230) : 
these impurities, however, do not interfere with the com- 
mon use of zinc for evolving hydrogen. 


CHAPTEE II. 

METHODS OF IMPROVISING REAGENTS. 

« 

675. For the benefit of analysts who may be situated 
at a distance from towns where the necessary reagents 
can be purchased, a few suggestions are here offered as to 
the readiest methods of supplying the deficiency from 
sources which are generally available. 

The 'primary chemicals, as they may be styled, with 
which it is indispensable that the analyst should be sup- 
plied, are — 

Sulphuric Acid (Yitriol). 

Carbonate of Soda (Washing Soda). 

Chloride of Sodium (Common Salt). 

Nitrate of Potash (Saltpetre). 
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Sulphur (Brimstone). 

Ammonia (Hartshorn). 

Lime. 

Biborate of Soda (Borax). 

Ferrocyanide of Potassium (Prussiate of Potash). 

Carbonate or Sulphate of Baryta (Heavy Spar, 
Barytes). 

Sulphate of Magnesia (Epsom Salts). 

Litmus (Archil). 

With the aid of these, and of such common materials as 
can be everywhere procured, all the reagents absolutely 
necessary for qualitative analysis can be improvised. 
These follow in alphabetical order. 

Acetate of lead (sugar of lead) may be made by leaving 
scraps of lead (or shot) in an open bottle, partly covered 
with vinegar, until the latter is distinctly sweet, when 
water may be added, and the solution filtered. 

Acetic Acid, by distilling common vinegar.. Even 
vinegar itself might, on an emergency, be used instead 
of acetic acid, especially after boiling with a little wood 
charcoal, and filtering. 

Ammonia , — The most portable form for this reagent is 
sal-ammoniac, from which it may be i^repared by (79). 
Common smelling-salts (Preston salts, carbonate of am- 
monia) might be substituted for the sal-ammoniac. 

Antimou late of potash may be prepared by adding pow- 
dered antimony (or crude antimony) to nitre melted in a 
crucible as long as brisk deflagration ensues. The solu- 
tion is then prepared from this mass as in (622). 

It may also be prepared by dissolving antimony or 
crude antimony in a mixture of four measures of hydro- 
chloric and one measure of nitric acid, adding a large 
excess of potash, boiling, and filtering. 

Baryta . — To prepare the hydrate of baryta, powdered 
chloride of barium may be added to a strong boiling 
solution of (caustic) potash or soda, and the solution 
filtered while hot ; on cooling it will deposit crystals of 
hydrate of baryta, which may be purified by recrystalliza- 
tion. Or the carbonate of baryta (or sulphate of baryta 
after calcination with charcoal) may be dissolved in dilute 
nitric acid, the solution evaporated, and the residue of 
nitrate of baryta calcined in a crucible or iron pot ; anhy- 
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drouB baryta is left, wbicb becomes hydrate in contact 
with water. 

Carbonate of Ammonia, — Common smelling salts may 
be employed. Or if sal-ammoniac and carbonate of soda 
be distilled with a little water, a solution of carbonate of 
ammonia would be obtained. Putrefied urine is an excel- 
lent source from which to distil carbonate of ammonia. 

Cliloy'ide of ammonium (sal-ammoniac), by neutralizing 
hydrochloric acid with ammonia or carbonate of ammonia. 

Chloride of barium may be prepared from the carbonate 
(witherite) or from the sulphate (heavy spar), both of 
which are used by colour makers and others under the 
name of barytes. From the former the chloride of barium 
is made by dissolving in dilute hydrochloric acid and 
crystallizing. The sulphate of baryta is mixed with one- 
fourth its weight of charcoal and enough oil to form a 
paste ; strongly calcined in a closed crucible, and the re- 
sulting sulphide of barium dissolved in hydrochloric acid, 
filtered and crystallized.* 

Chloride of calcium is prepared by neutralizing dilute 
hydrochloric acid with chalk. 

Cyanide of potassium is made by fusing eight parts of 
well-dried ferrocyanide of potassium with three parts of 
dry carbonate of potash in a covered crucible till a drop 
on the end of an iron rod is white, or nearly so, on cooling. 

Hydrochloric Acid (muriatic acid) would be prepared by 
distilling common salt with sulphuric acid (70). 

Hydrosulphafe of ammonia may be made with hydro- 
sulphuric acid and ammonia (641). 

Hydro sulphuric Acid. — The sulphide of iron required 
for its preparation is made by throwing a mixture of 10 
parts of iron filings with 7 ]>arts of sulphur, by small por- 
tions at a time, into a red-hot crucible. The hydrosul- 
phuric acid is then prepared according to (641). 

If crude antimony ore (tersulphide of antimony) is pro- 
curable, hydrosulphuric acid may be prepared from it by 
heating with hydrochloric acid in a flask, the gas being 
washed by passing through water. 

• Or the sulphate of baryta may be mixed with two parts of dry carbonate 
of soda, two parts of charcoal, and twelve parts of dry saltpetre. The mixture 
is kindled on an iron plate, allowed to burn out, and the fused mass treated 
with boiling? water. Carbonate of baryta is left, which may be washed 
thoroughly and dissolved in dilute hydrochloric acid. 
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A mixture of equal weiglits of sulphur and tallow, gently 
heated, will also evolve hydrosulphuric acid. 

Powdered galena (sulphuret of lead, lead ore) heated 
with strong hydrochloric acid, will also furnish hydrosul- 
phuric acid. 

I/ime (quick lime) is easily procurable by calcining egg- 
shells, oyster-shells, chalk, or marble in a strong fire. 

Nitrate of silver (lunar caustic) is obtained by dissolving 
ordinary silver in nitric acid, evaporating to dryness in a 
dish, heating moderately for some time till the (blue) 
nitrate of copper is converted into (black) oxide, dissolving 
in water, and filtering. 

Nitric Acid (aqua fortis), by distilling saltpetre with sul- 
phuric acid (84). 

Oxalate of aynmonia is prepared by neutralizing oxalic 
acid with ammonia or carbonate of ammonia. The acid 
is obtained by dissolving one part of sugar in eight parts 
of ordinary nitric acid and evaporating gently to crystal- 
lization. 

Perchloride of iron (muriate of iron) is made by dis- 
solving iron in hydrochloric acid mixed with one-fourth 
of nitric acid, and expelling the excess of acid by evapo- 
ration. 

Phosphate of soda is generally procurable at the drug- 
gists. A substitute for it is phosphate of ammonia, pre- 
pared by mixing three parts of bone-ash (bones burnt 
white in an open fire) with two parts of strong sulphuric 
acid and twenty of water, allowing the mixture to stand 
for a day or two, straining otf the sulphate of lime, and 
mixing the solution with ammonia or carbonate of am- 
monia till it is alkaline. The solution of phosphate of 
ammonia is then filtered off, and concentrated by evapo- 
ration. 

Potash may be obtained by dissolving the carbonate of 
potash (common potashes, pearlash) in ten parts of water, 
and adding, by degrees, to the boiling solution, one part 
of quick -lime, slaked and mixed with water. Allow the 
mixture to settle in a covered vessel, and draw off the 
clear solution of potash. The carbonate of potash may 
be extracted from wood ashes (especially those of young 
shoots and leaves) by treatment with water ; or from cal- 
cined argol (cream of tartar) ; or from the lees of wine, 
after calcination. Soda is a good substitute for potash. 
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and may be prepared from carbonate of soda (common 
washing soda, soda-ash) by the process described above. 

Sulphate of iron (copperas, green vitriol) is made by 
dissolving, iron in dilute sulphuric acid and crystallizing. 

Sulphate of lime is to be procured almost everywhere 
as plaster of PaHs, It may easily be made by adding 
chalk to diluted sulphuric acid till it is no longer acid. 

Tartaric Acid (not absolutely indispensable in analysis) 
might be made by boiling 4 parts of cream of tartar (argol, 
bitartrate of potash) with 1 part of chalk, adding to the 
mixture 2 parts of chalk dissolved in the least possible 
quantity of hydrochloric acid, filtering through a cloth, 
washing the precipitate (tartrate of lime) with water, and 
digesting at a gentle heat with |thB as much sulphuric 
acid as there was originally of cream of tartar, diluted 
with 6 parts of water. The insoluble sulphate of lime is 
strained off, and the solution crystallized by slow evapo- 
ration. 



APPENDIX 


Aluminium 

Antimony 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Csesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper 

Didymium 

Erbium 

Fluorine 

Gallium 

Glucinum 

Gold 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Lanthanium 

Lead 

Lithium 

Magnesium 

Manganese 


ATOMIC 


Al 

27.5 

Sb 

122 

As 

75 

Ba 

137 

Bi 

210 

B 

10.9 

Br 

80 

Cd 

112 

Cs 

133 

Ca 

40 

C 

12 

Ce 

94.2 

Cl 

35.5 

Cr 

52.5 

Co 

59 

Cu 

63.5 

Di 

96 

E 

112.6 

F 

19 

Ga 


G1 

9.2 

Au 

196.6 

H 

1 

In 

75.6 

I 

127 

Ir 

197.1 

Fe 

56 

La 

92 

Pb 

207 

L 

7 

Mg 

24.3 

Mn 

55 


WEIGHTS. 

Mercury 

Molybdenum 

Nickel 

Niobium 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium 

Rhodium 

Rubidium 

Ruthenium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Thallium 

Thorinum 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Yttrium 

Zinc 

Zirconium 


Hg 

200 

Mo 

96 

Ni 

59 

Nb 

94 

N 

14 

Os 

199 

0 

16 

Pd 

106.5 

P 

31 

Pt 

197.1 

K 

39.1 

Ro 

104.3 

Rb 

85.3 

Ru 

104.2 

Se 

79.5 

Si 

28 

Ag 

108 

Na 

23 

Sr 

87.5 

S 

32 

Ta 

182 

Te 

129 

Tl 

204 

Th 

238 

Sn 

118 

Ti 

50 

W 

184 

U 

120 

V 

51.3 

Y 

61.7 

Zn 

65 

Zr 

89.5 
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WEIGHTS AND MEASURES. 


Apothecaries^ Weight, 


Pound. Ounces. 

Drachms. 

Scruples. 

Grains. 

French Grammes. 

1 = 12 

= 96 = 

288 == 

5760 

= 372.96 

1 

= 8 = 

24 == 

480 

31.08 


1 - 

3 = 

60 

3.885 



1 = 

20 

1.295 




1 

= 0.0647 


Avoirdupois Weight. 

Pound. Ounces. Drachms. Grains. French Grammes. 

1 = 16 = 256 = 7000 = 453.26 

1 = 16 = 437.5 = 28.328 

1 = 27.343 ■= 1.77 


Imperial Measure, 

Gallon. Pints. Fluid Ounces. Fluid Drachms. Minims. 

1 = 8 = 160 = 1280 = 76,800 

1 - 20 = 160 = 9,600 

1 - 8 = 480 

1 = 60 

Weight of Water at 62°, contained in the Imperial Gallon^ ^'’c. 

, Grains. 

1 Imperial Gallon ... = , . 70,000 

1 „ Pint ... = .. 8,750 

1 ,, Fluid Ounce . . = . . 437.5 

1 ,, Fluid Drachm . . =» . . 54.7 

1 ,, Minim ... = .. 0.91 


Cubic inches contained in the Imperial Gallon, ^c. 

Cubic Inches. 

1 Imperial Gallon . . . = . 277.276 

1 „ Pint . . . = . 34.659 

1 ,, Fluid Ounce. . = . 1.7329 

1 ,, Fluid Drachm . = . 0.2166 

1 „ Minim. . . = . 0.0036 
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FEENCH WEIGHTS AND MEASUEES. 

Measures of Length. 

English Inches. 

Millimetre = .03937 

Centimetre = .39371 

Decimetre = 3.93710 

Metre = 39.37100 M:il. Far, Yds. Feet. In. 

Decametre = 393.71000 = 0 0 10 2 9.7 

Hecatometre = 3937.10000 = 0 0 109 1 1 

Kilometre = 39371.00000 = 0 4 213 4 10.2 

Myriometre « 393710.00000 = 6 1 156 0 6 


Measures of Capacity. 


Millilitre 

Cubic Indies. 
= .06102 


English Imperial Measure. 
Gall. Pints. F.oz.F.drras.Min. 

0 0 0 0 16.3 

Centilitre 

= .61028 

= 

0 

0 

0 

2 

43 

Decilitre 

= 6.10280 

= 

0 

0 

3 

3 

2 

Litre 

= 61.02800 

= 

0 

1 

15 

1 

43 

Decalitre 

= 610.28000 

= 

2 

1 

12 

1 

16 

Hecatolitre 

= 6102.80000 

= 

22 

0 

1 

4 

48 

Kilolitre 

= 61028.00000 

= 

220 

0 

12 

6 

24 

Myriolitre 

= 610280.00000 

= 

2200 

7 

13 

4 

48 


Measures of Weight, 






Milligramme = 
Centigramme = 
Decigramme = 
Gramme = 

English Grains. 
.0154 
.1543 
1.5432 
15.4323 

Avoirdupois, 

lbs. Oz. 

Drms, 

Decagramme = 

154.3234 

«= 0 

0 

5.65 

Hecatogramme = 

1543.2348 

- 0 

3 

8.5 

Kilogramme = 

15432.3480 

2 

3 

5 

Myriogramme = 

154323.4800 

= 22 

1 

2 
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Showing the behaviour of Solutions of the Metals loith JSy dr o sulphuric Acid, Ammonium Sulphide, and 
Ammonium Carbonate, employed successively. — {The rarer metals are printed in italics.) 
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TABLE L 

Showing the Quantity of H 2 SO 4 of sp. gr. 1.8485, and 
^f SO 3 , in 100 Parts of dilute Sul^ihuric Acid, of different 
Specific Gravities {Tire). 


HaSO^. 

Sp. Gr. 

SO3. 

100 

1.8485 

81.54 

99 

1.8475 

80.72 

98 

1.8460 

79.90 

97 

1.8439 

79.09 

96 

1.8410 

78.28 

95 

1.8376 

77.46 

94 

1.8336 

76.65 

93 

1.8290 

75.83 

92 

1.8233 

75.02 

91 

1.8179 

74.20 

90 

1.8115 

73.39 

89 

1.8043 

72.57 

88 

1.7962 

71.75 

87 

1.7870 

70.94 

86 

1.7774 

70.12 

85 

1.7673 

69.31 

84 

1.7570 

68.49 

83 

1.7465 

67.68 

82 

1.7360 

66.86 

81 

1.7245 

66.05 

80 

1.7120 

65.23 

79 

1.6993 

' 64.42 

78 

1.6870 , 

63,60 

77 

1.6750 

62.78 

76 

1.6630 

61.97 

75 

1.6520 

61.15 

74 

1.6415 

60.34 

73 

1.6321 

59.82 

72 

1.6204 

58.71 

71 

1.6090 

57.89 

70 

1.5975 

57.08 

69 

1.5868 

56.26 

68 

1.5760 

55.45 

67 

1.5648 

54.63 

66 

1.5503 

53.82 


HaSO*. 

Sp. Gr. 

SO3, 

65 

1.5390 

53:00 

64 

1..5280 

52.18 

63 

1.5170 

51.37 

62 

1.5066 

50.55 

61 

1.4960 

49.74 

60 

1.4860 

48.92 

59 

1.4760 

48.11 

58 

1.4660 

47.29 

57 

1.4560 

46.48 

56 

1.4460 

45.66 

55 

1.4360 

44.85 

54 

1.4265 1 

44.03 

53 

1.4170 

43.22 

52 , 

1.4073 

42.40 

51 ' 

1.3977 

41.58 

50 

1,3884 

40.77 

49 

1.3788 

39.95 

48 

1.3697 

39.15 

47 

1.3612 

38.32 

46 

1.3530 

37.51 

45 

1.3440 

36.69 

. 44 

1.3345 

35.88 

43 

1.3255 

35.06 

42 

1.3165 

34.25 

41 

1.3080 

33.43 

40 

1.2999 

32.61 

39 

1.2913 

31.80 

38 

1.2826 

30.98 

37 

1.2740 

30.17 

36 

1.2654 

29.35 

35 

1.2572 

28.54 

34 

1.2490 

27.72 

33 

1.2409 

26.91 

32 

1.2334 

26.09 

31 

1.2260 

25.28 
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TABLE I. — Continued. 


HaSO^. 

Sp. Gr. 

SO 3 . 

HgSO^. 

Sp. Gr. 

BO3, 

30 

1.2184 

24.46 

15 

1.1019 

12.23 

29 

1.2108 

23.65 

14 


11.41 

28 

1.2032 


13 

1.0887 


27 

1.1956 

22.01 

12 

1.0809 

9.78 

26 

1.1876 

21.20 

11 

1.0743 

8.97 

25 

1.1792 

20.38 

10 

1.0682 

8.15 

24 

1.1706 

19.57 

9 

1.0614 

7.34 

23 

1-1626 

18.75 

8 

1.0544 

6.52 

22 

1.1549 

17.94 

7 

1.0477 

5.71 

21 

1.1480 

17.12 

6 

1.0405 

4.89 

20 

1.1410 

16.31 

5 

1.0336 

4.08 

19 

1.1330 

15.49 

4 1 

1.0268 

3.26 

18 

1.1246 

14.68 

3 

1.0206 

2.446 

17 


13.84 

2 ! 

1.0140 

1.63 

16 

1.1090 

13.05 

■1 

1.0074 i 



TABLE II. 

Showing the Quantity of N 2 O 5 in 100 Parts of Liquid 
Nitric Acid of different Specific G'raviiies {tire). 


Specific 

Gravity. 

NaOj., in 100 
parts of the 
Liquid. 

Specific 

Gravity. 

N 2 O 5 in 100 
parts of the 
Liquid. 

Specific 

Gravity. 

NgOgin 100 
parts of the 
Liquid. 

1.5000 

79.700 

1.4600 

68.542 

1.4065 

57.384 

1.4980 

78.903 

1.4570 

67.745 

1.4023 

50.587 

1.4960 

78.106 

1.4530 

66.948 

1.3978 

55.790 

1.4940 

77.309 

1.4500 

66.155 

1.3945 

54.993 

1.4910 

76.612 

1.4460 

65.354 

1.3882 

54.196 

1.4880 

75.716 

1.4424 

64.557 

1.3833 

53.399 

1.4850 

74.918 

1.4385 

63.760 

1.3783 

! 52.602 

1.4820 

74.121 

1.4346 

62.963 

1.3732 

51.805 

1.4790 

73.324 

1.4306 

62.166 

1.3681 

51.068 

1.4760 

72.527 

1.4269 

61.369 

1.3630 

50.211 

1.4730 

71.730 

1.4228 

60.572 

1.3579 

49.414 

• 1.4700 

70.933 

1.4189 

59.775 

1.3529 

48.617 

1.4670 i 

70.136 

1.4147 

58.978 

1.3477 1 

47.820 

1.4640 

69.339 

1.4107 

68.181 

i 1.3427 

47.023 
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TABLE IL — Continued^ 


Specific 

Gravity. 

NgOg in 100 
parts of the 
Liquid. 

Specific 

Gravity. 

NgOg in 100 
parts of the 
Liquid. 

Specific 

Gravity. 

NjOg in 100 
parts of the 
Liquid. 

1.3376 

46.226 

1.2212 

.30.286 

1.1051 

15.143 

1.3323 

4.5.429 

1.2148 

29.489 

1.0993 

14.346 

1.3270 

44.632 

1.2084 

28.692 

1.0935 

13.549 

1.3216 

43.835 

1.2019 

27.895 

1.0878 

12.762 

1.31(53 

43.038 

1.1958 

27.098 

1.0821 

11.955 

1.3110 

42.241 

1.1895 

26.301 

1.0764 

11.158 

1.3056 

41.444 

1.1833 

2.5.504 

1.0708 

10.361 

1.3001 

40.647 

1.1770 

24.707 

1.0651 

9.564 

1.2947 

39.850 

1.1709 

2.3.910 

1.0595 

8.767 

1.2887 

39.053 

1.1648 

23.113 

1.0540 

7.970 

1.2826 

38.2.56 

1.1,587 

22.316 

1.0485 

7.173 

1.2765 

37.459 

1.1,526 

21.519 

1.0430 

6.376 

1.2705 

36.662 

1.1465 

20.722 

1.0375 

5.579 

1.2644 

35.865 

1.1 403 

19.925 

1.0320 

4.782 

1.2583 

35.068 

1.1345 

19.128 

1.0267 

3.985 

1.2523 

34.271 

i 1.1286 

18.331 

1.0212 

3.188 

1.2462 

33.474 

i 1.1227 

17.534 

1 1.0159 

2.391 

1.2402 ^ 

32.677 

I 1.1168 

16.737 

1.0106 

1.594 

1.2341 

31.880 

' 1.1109 

15.940 

1 1.0053 

0.797 

1.2277 

31.083 

! 





TABLE III. 

Shoiving th e Quantify of Hydrochloric Acid in the Liquid 
Acid of different Siiecific Gravities [Tire). 


Specific 

Gravity. 

HCI. 

Specific ‘ 
Gravity. 

HCI. 

Specific 

Gravity. 

HCI. 

1.2000 

40.777 

1.1822 

36.700 

1.1620 

32.621 

1.1982 

40.369 

1.1802 

36.292 

].1509 

32.213 

1.1964 

39.961 

1.1782 

35.884 

1.1578 

31.805 

1.1946 

39.554 

1.1762 

35.476 

1.1557 

31.398 

1.1928 

39.146 

1.1741 

35.068 

1.1536 

30.990 

1.1910 

38.738 

1.1721 

34.660 

1.1515 

30.582 

1.1893 

38.330 

1.1701 

34.252 

1.1494 

30.174 

L1875 

37.923 

1.1681 

33.845 

1.1473 

29.767 

1.1857 

37.516 

1.1661 

33.437 

1.1452 

29.359 

1.1846 

37.108 

1.1641 

33.029 

1.1431 

28.951 
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TABLE III. — Continued, 


Specific 

Gravity. 

HCl. 

Specific 

Gravity. 

HCl. 

Specific 

Gravity. 

HCl. 

1.1410 

28.544 

1.0919 

18.757 

1.0457 

9.379 

1.1389 

28.136 

1.0899 

18.349 

1.0437 

8.971 

1J369 

27.728 

1.0879 

17.941 

1.0417 

8.563 

1.1349 

27.321 

1.0859 

17.534 

1.0397 

8.155 

1.1328 

26.913 

1.0838 

17.126 

1.0377 

7.747 

1.1308 

26.505 

1.0818 

16.718 

1.0357 

7.340 

1.1287 

26.098 

1.0798 

16.310 

1.0337 

6.932 

1.1267 

25.090 

1.0778 

15.902 

1.0318 

6.524 

1.1247 

25.282 

1.0758 

15.494 

1.0298 

6.116 

1.1226 

24.874 

1.0738 

15.087 

1.0279 

5.709 

1.1206 

24.466 

1.0718 

14.679 

1.0259 

5.301 

1.1185 

24.058 

1.0697 

14.271 

1.0239 

4.893 

1.1164 

23.650 

1.0677 

13.863 

1.0220 

4.486 

1.1143 

23.242 

1.0657 

13.456 

1.0200 

4.078 

1.1123 

22.834 

1.0637 

13.049 

1.0180 

3.670 

1.1102 

22.426 

1.0617 

12.641 

1.0160 

3.262 

1.1082 

22.019 

1.0597 

12.233 

1.0140 

2.854 

1.1061 

21.611 

1.0577 

11.825 

1.0120 

2.447 

1.1041 

21.203 

1.0557 

11.418 

1.0110 

2.039 

1.1020 

20.796 

1.0537 

11.010 

1.0080 

1.631 

1.1000 

20.388 

1.0517 

10.602 

' 1.0060 

1.224 

1.0980 

19.980 

1.0497 

10.194 

1.0040 

0.816 

1.0960 

1.0939 

19.572 

9.165 

i 1.0477 

9.786 ; 

1 

1.0020 

0.408 


TABLE IV. 

Showing the Q,uantiiif of Anhydrous Potash (KgO) in 
Solutions of different S2wcific Gravities {Dalton) 


Specific 

Gravity. 

Potash 
per cent. 

Boiling 

Point. 

Sp('citic 

Gravity. 

Potash 
per cent. 

Boiling- 

Point. 

1.63 

51.2 

329° 

1.33 

26.3 

229° 

1.60 

46.7 

290 

1.28 

23.4 

224 

1.52 

42.9 

276 

1.23 

19.5 

220 

1.47 i 

39.6 

265 

1.19 

16.2 

218 

1.44 

36.8 

255 

1.15 

13.0 

215 

1.42 

34.4 

246 

1.11 

9.5 

214 

1.39 

32.4 

240 

1.06 

4.7 

213 

1.36 

29.4 

234 
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TABLE V. 

Showing the Quantity of Anhydrous Soda 

Solutions of different Specific Gravities {Dalton). 


Specific 

Gravity. 


2.00 

1.85 

1.72 

1.63 

1.56 

1.50 

1.47 

1.44 


Soda 
per cent. 


77.8 

63.6 

53.8 

46.6 
41.2 

36.8 

34.0 

31.0 


Boiling 

Point. 


600 

400 

300 

280 

265 

255 

248 


Specific 

Gravity. 


1.40 

1.36 

1.32 

1.29 

1.23 

1.18 

1.12 

1.06 


Soda 
per coot. 


29.0 

26.0 
22.0 

19.0 

16.0 
13.0 

9.8 

4.7 


Boiling 

Point. 


242° 

235 

228 

224 

220 

217 

214 

213 


TABLE yi. 


Showing the Quantity of Animoniacal Gas (NH3) in 
Aqueous Solutions of different Specific Gravities 
{Dalton). 


Specific 

Gravity. 

Grains of Ammonia 
in 100 grains of 
the liquid. 

Boiling 

Points. 

Volumes of gas in 
one volume of 
the liquid. 

.850 

35.3 

26° 

494 

.860 

32.6 

38 

456 

.870 

29.9 

50 

419 

.880 

27.3 

62 

382 

.890 

24.7 

74 

346 

.900 

22.2 

86 

311 

.910 

19.8 

98 

277 

.920 

17.4 

110 

244 

.930 

15.1 

122 

211 

.940 

12.8 

134 

180 

.950 

10.5 

146 

147 

.960 

8.3 i 

1,58 

116 

.970 

6.2 1 

173 

'87 

.980 

4.4 

187 

58 

.990 : 

2.0 

196 

28 
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iJPENDli. 


TABLE YII. 

Showing the Quantity of Absolute Alcohol contained in 
Diluted Alcohol of different Specific Gravities (Fownes). 


Sp. Gr. at 60°. 

Percentage 
of real 
Alcohol. 

Sp. Gr. at 60°. 

Percentage 
of real 
Alcohol. 

Sp. Gr. at 60°. 

Percentage 
of real 
Alcohol. 

0.9991 

0.5 

0.9511 

34 

0.8769 

68 

0.9981 

1 

0.9490 

35 

0.8745 

69 

0.9965 

2 

0.9470 

36 

0.8721 

70 

0.9947 

3 

0.94.52 

37 

0.8696 

71 

0.9930 

4 

0.9434 

38 

0.8672 

72 

0.9914 

5 

0.9416 

39 

0.8649 

73 

0.9898 

6 

0.9396 

40 

0.8625 

74 

0.9884 

7 

0.9376 

41 

0.8603 

75 

0.9869 

8 

0.935 G 

42 

0.8581 

76 

0.9855 

9 

0.9335 

43 

0.8557 

77 

0.9841 

10 

0.9314 

44 

0.8533 

78 

0.9828 

11 

0.9292 

45 

0.8508 

79 

0.9815 

12 

0.9270 

46 

0.8483 

80 

0.9802 

13 

0.9249 

47 

0.8459 

81 

0.9789 

14 

0.9228 

48 

0.8434 

82 

0.9778 

15 

0.9206 

49 

0.8408 

83 

0.9766 

16 

0.9184 

50 

0.8382 

84 

0.9753 

17 

0.9160 

51 

0.8357 

85 

0.9741 

18 

0.9135 

52 

0.8331 

86 

0.9728 

19 

0.9113 

53 

0.8305 

87 

0.9716 

20 

0.9090 

54 

0.8279 

88 

0.9704 

21 

0.9069 

55 

0.8254 

89 

0.9691 

22 

0.9047 

56 

0.8228 

90 

0.9678 

23 

0.9025 

57 

0.8199 

91 

0.9665 

24 

0.9001 

58 

0.8172 

92 

0.9652 

25 

0.8979 

59 

0.8145 

93 

0.9638 

26 

0.8956 

60 

0.8118 

94 

0.9623 

27 

0.8932 

61 

0.8089 

95 

0.9609 

28 

0.8908 

62 

0.8061 

96 

0.9593 

29 

0.8886 

63 

0.8031 

97 

0.9578 

30 

0.8863 

64 

0.8001 

98 

0.9560 

31 

0.8840 

65 

0.7969 

99 

0.9544 

32 

0.8816 

66 

0.7938 

100 

0.9528 

33 

0.8793 

67 
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TABLE VIIL 

Showi/tig the Specific Gravities of Mixtures of Ether and 
Alcohol in different proportions {Dalton). 


Specific 

Gravity. 

Ether. 

Alcohol 
(sp. gr. 830). 

Specific 

Gravity. 

Ether. 

Alcohol 
(sp. gr. 830). 

724 

100 

0 

792 

40 

60 

732 

90 

10 

804 

30 

70 

744 

80 

20 

816 

20 

80 

756 

70 

30 

828 

10 

90 

768 

60 

•40 

830 

0 

100 

780 

50 

50 


1 





TABLE IX. 

Showing the Solubility of Salts* 
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TESTING TABLES, 

Showing the Action of Meagents on Oxides and Acids. {Alphahetically arranged.) 
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Bakyta i O O White; i White; 1 O ' O O O Thrown down 

i ' ! ^ iusol. I j immediately by 

P* I excess. j ! sulphates and 

I : : f sulphate of lime. 
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APPENDIX, 



1 ^ 

0.0 

h -s . 

j, a g ^ . 

^ e— b0'<-' 

■ es "1 OQ 

^ 5 .2 

ag . 

U 

a 

& 

hloride 
m posed 

water. 

with ta 
d and ^ 
PtCU. 
arb. sol 
alcohol 

5 yellow 
e, inso 
osulp. 0 
ua, is h 
iracteri 

s 'S 

® e8 rj >— 1 

oj cj lu.a o 

es.a a 0, 

j3 Q} p 

H P '«• 

'^5'M 

^2 

P^ea 

o.^ 

o i| ‘“*3 

£■1 

73 

Blowpipe 

With soda on 
charcoal, re- 
duced; brittle 
bead of metal. 

Violet flame 
(Blue lines in 
spectrum). 

With soda on 
charcoal re- 
metal volati- 
es a reddish- 
osit. 

Radiates a 
brilliant light. 
Gives a red 
colour to the 
flame. 

Borax -bead, 
outer ; yellow- 
red: imier; 
colourless. 

1 

1 

1 

'S rt 1 

1 1 

1 




1 . 1 




o 


White 

duced 
lized ; 
brown 



SS t R 

a 

O 

o 

O 

Rs 



1 



e 






8 

O 

s 

o 

is 1 

o 


o 

a>^ 

a 1 

s 

^.s 


% a> 


^.s 

Potash. 

White; 

insol. 

o 

White ; 
insol. 

o 

White ; 
insol. 
yellow in 
air. 

^ 1 

o ^ 1 





o e a 

E S 8 

-t-s O 



o -4 

-2 ® 

IS ^ 

a § 

o 

? a 1 

a I 



5^ .a 





•II 

i" “ i 

r? ® a 

o 

.^ja . 

•s o g 

ira ® 

*3 7^ 2 


#2 ** 

CQ q 

<L) 



S S 

^ « l-l 

^.3 ^ 


Ammo- 

nium 

Sul- 

phide. 

Brown- 
black ; 
insol. in 
excess. 

o 

Bright 
yellow; 
insol, in 
excess. 

o 

White. 

Hydro- 
sulphuric 
Acidf 
in an 
acidified 
solution. 

Brown- 

black. 

o 

Bright 

yellow. 

o 

O 

Name of 
Ba*e. 

Bismuth, 
oxide of 
(see also 

P. 72.) 

go 

M O 

UO 'd 

O O 

Cadmium, 
oxide of. 

Calcium 
(Lime) 
(see also 
p.98). 

Cerium, 
oxide of. 
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The oxide when 
fused with nitre, 
gives chromate 
of potash. 

Readily distin- 
guished with the 
blowpipe. 

Precipitated in 
the metallic state 
by clean iron. 

Pink ppt. with 
saturated K2SO4 ; 
characteristic ab- 
sorption spectrum. 

At present 
imperfectly 
studied. 

Glucina dissolves 
in cold solution 
of carb. ammonia, 
and is thrown 
down on boiling. 

Emerald 
green with 
fluxes. 

Blue glass, 
with borax in 
both flames. 

With soda on 
charcoal, re- 
duced. With 
borax and mic. 
salt in outer 
flame, green ; in 
inner flame red. 

Micr, salt inner, 
violet outer 0 

Bright violet 
band in spec- 
trum. 

With nitrate of 
cobalt, dark 
grey or black. 

O 

Pale 
green or 
grey. 

Maho- 

gany 

coloured ; 
in sol. 

0 

^.9 “ 

0 

Green ; 
insol. 

Blue; 
sol. in ex. 
forming a 
brownish- 
red sol. 

Pale blue 
sol. in ex. 
forming 
rich blue 
solution. 

.ts 0 

1-2 

White ; 
sp. sol. 

AVhite; 

insoL 

Green ; 
sol. in 
excess. 

Blue, 
becoming 
greenish ; 
dirty red 
on boiling. 

Pale blue, 
becoming 
dark 
brown 
when 
boiled. 

White ; 
insol. 

White ; 
sol. 

... M 

If- 

!> 0 

OQ 

Green. 

Pint; sp. 
sol. in ex. 
solution 
purple. 

Greenish 
blue, sol. 
in ex., 
forming 
deep blue 
solution. 

White; 

insol. 

White. 

White ; 
sol. in ex. 
Repptd. 
by boiling. 

Green. 

Pink; 
insol. 
Bluish on 
boiling. 

Greenish 
blue, be- 
coming 
dark 

brown on 
boiling. 

White; 

insol. 

W^hite. 

White ; 
sp. sol. 

d 

1 

eS 

. 

4 

3 

oi 


c? • no 

^ « QQ 

:s g 

O 

« 

» 


E? 


pr.s g 








O 

o 

& 

0 

0 


0 



n 





Chbomium, 
oxide of 
(see also 
p. 87). 

Cobalt, 
oxide of 
(see also 
p. 95). 

Copper, 
oxide of 
(see also 
p. 73). 

Didtmifm, 
oxide of. 

Gallitjm, 
oxide of. 

u 

p 

0 
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c2 -2 

.2g 

^ bD 

M hi 

S'gS 

S 9^ 
•«&8 
x + Z 

izj-g ® 

+ §« 
i|§ 

ipitd. by solu- 
Bulphales, and 
preeip. black- 
by hydrosul- 
e of ammonia, 
ht yellow with 
mate of potash 
odide of potas- 
sium. 

>s. of soda and 
.'ipn. glYes a 
te precipitate. 

rystalline pre- 
with phos- 
e of soda, and 
onia. The car- 
te and hydrat^ 
in chloride of] 
onium. 

5-1 

'S 3^ 
<1.2 

« 'd.M too_ 

0.35 £ a.m5 i 

43 ^3 

Oh ^ 

43 C O o H 
c; d 4 C3 ce ca 



a * o S 

» 1 

Sid 
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salts pre- 
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j the pre- 
of man- 
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Potash 

throws down a 
pale 

precipitate from 
the ammoniacal 
solution. 

Osmium is characterized by form- 
ing, when heated in the air, osmic 
acid, which is volatile, and has a 
very disagreeable smell, causing 
much inconvenience to the eyes 
and nose. 

Yellowish white 
with solution of 
cyanide of mer- 
cury. 

Yellow with chlo- 
ride of ammo- 
nium, which is 
converted by heat 
into spongy 
platinum. 

White crystalline 
precipitate with 
tartaric acid. Yel- 
low with bichloride 
of platinum. 

With soda on 
charcoal re- 
duced to a mag- 
netic powder. 
With borax and 
mic. salt in 
outer flame, 
red glass be- 
coming grey 
in inner flame. 

Reduced. 

Reduced. 

Violet flame. 

Pale 

green. 

O 

O 
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green ; 
soluble, 
forming 
a blue 
solution. 
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after some 
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insol. 

Black on 
boiling. 
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brown ; 
sol. 
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o 
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soluble, 
forming 
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solution. 

Brown 
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Solution 
decoloriz- 
ed, but no 
precipitate 
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insol. 

. Black, 
slowly 
formed. 
Bluish 
solution. 

Brown ; 
sol. Kepre- 
cipitated 
on boiling. 
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with car- 
bonate of 
potash. 

o 

Black. 

Vellowish- 
brown ; 
insol. 

Black ; 
insol. 

Brownish - 
black ; 
sol. in 
large 
excess. 

o 

O 

Yellowish- 
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Nickel, 
oxide of 
(see also 
p. 93). 

Osmium, 

binoxide 

of. 
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protoxide 
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heated, it is 
converted into 
the green prot- 
oxide. 
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Converted by acids into per- 
manganic acid and peroxide 
of manganese; the colour of 
the solution changing from 
green to red. 

With microcosmie salt before the 
blowpipe, gives a dark blue 
glass, which becomes green 
on cooling. When strongly 
heated, molybdic acid volati- 
lizes and condenses in crystals. 

Red solutions changed to green 
by alkalies. 

Does not volatilize when heated. 
Has a pale yellow colour, and 
is insoluble in water and 
acids. Blue with hydrochloric 
acid and zinc. 

When treated with hydro- 
chloric acid, the mixture is 
capable of dissolving gold- 
leaf. Vanadic acid m solu- 
tion is readily deoxidised, 
forming a blue liquid. 

Sydro- 
chloric acid. 

Solution 
becomes red, 
and chlorine 
is evolved. 
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Hypochloboits O White. O White ppt. Black ppt. with 
ACID chan^ng Cl evolved with 

(see also p. 110). to brown. 



White, 0 O White ppt. with HgCl 2 . 

chan^ng Odour of PH 3 with Zn and 

to black. 
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Pbbiodic acid. White. Yellow. White. White. Periodates, heated t o redness, become iodides. 

Phosphoric acid White. Yellow. White. White. The soluble phosphates give with s^ts of m^esia. when 

(Tribasic) ammonia is present, a white crystalline precipitate. 

(see also p. 107) ' ' ‘ 
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ft? 

A mixtare of chloride of barium, 
ammonia, and alcohol, gives a 
white precipitate of succinate of 
baryta. 

Added in excess to potash, gives 
a crystalline precipitate of the 
bitartrate. 

Lead 

Acetate, 

White. 
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Silver 

Nitrate. 

White on 
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O 

i 

Ferric 

Chloride. 

Reddish- 
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LIST OF SALTS, &c. 

WHICH MAT BE EXAMINED FOR PRACTICE. 


I. Eivercises in the me of the Blowpipe (/?. 52). 


(a.) One constituent 


1. Sulphur. 

2. Arsenious acid. 

3. Calomel. 

4. Chloride of ammonium. 

5. Oxide of zinc. 

6. Binoxide of tin. 

7. Oxide of copper. 

3. Oxide of lead. 

9. Peroxide of iron. 

10. Oxide of nickel. 


to he detected. 

11. Oxide of cobalt. 

12. Oxide of chromium. 

13. Binoxide of manganese. 

14. Carbonate of soda. 

15. Bicarbonate of potash. 

16. Carbonate ot'lime. 

17. Carbonate of baryta. 

18. Silica. 

19. Boracic acid. 

20. Charcoal. 


(h.) Two constituents to he detected. 


21. Sulphate of iron. 

22. Trisnitrate of bismuth. 

23. Sulphide of arsenic. 

24. Vermilion. 

25. Iodide of lead. 

26. Chlorate of potash. 

27. Chlofide of sodium. 

28. Fluoride of calcium. 

29. Sulphide of copper. 

30. Sulphate of zinc. 

31. Pipe clay. 


32. Sulphate of magnesia. 

33. Argentiferous lead.* 

34. Sulphide of antimony. 

35. Iron pyrites. 

36. Chromate of potash. 

37. Nitrate of strontia. 

38. Sulphate of baryta. 

39. Borax. 

40. Alloy of lead and antimony. f 

41. Arsenite of copper, 

42. Acetate of lead. 


(c.) Three constituents to he detected. 

43. Potash-alum. 45. Tartar-emetic. 

44. Ammonia-alum. 46. Arsenical pyrites. 

• A pound of lead should be fused with a little borax, and 200 grs. of silver 
thorout'hly dissolved in it. The alloy is then granulated by pouring into 
water, or better, cast into a thin plate, on a stone, and cut up into fragments, 
t An alloy of 4 lead and 1 antimony may be used. 
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II. Exercises in (Qualitative Analysis. 


(a,) Simple Salts, &c., 

1. Chloride of barium. 

2. Sulphate of soda. 

3. Chloride of amniouium. 

4. Sulphate of magnesia. 

5. Chloride of calcium. 

6. Nitrate of strontia. 

7. Sulphate of chromium. 

8. Sulphate of zinc. 

9. Sulphate of manganese. 

10. Protosulphate of iron. 

1 1 . Perchloride of iron. 

12. Sulphate of nickel. 

13. Nitrate of cohalt. 


soluble in Water (j?. 127). 

14. Prntonitrate of mercury. 

15. Perchloride of mercury. 

16. Acetate of lead. 

17. Sulphate of copper. 

18. Nitrate of silver. 

19. Phosphate of soda. 

20. Iodide of potassium. 

21. Biborate of soda. 

22. Nitrate of potash. 

23. Chlorate of potash. 

24. Carbonate of soda, 

25. Arsenious acid. 


(6.) Simple Salts, ^"c., insoluble in Water, but soluble in 
Acids (p. 127). 


26. Carbonate of magnesia. 

27. Phosphate of lime. 

28. Carbonate of baryta. 

29. Metallic zinc, 

30. Carbonate of strontia. 

31. Sulphide of iron. 


32. Protoxide of lead. 

33. Sulphide of antimony. 

34. Black oxide of copper. 

35. Carbonate of lime. 

36. Oxide of bismuth. 

37. Metallic tin. 


(c.) Simple Salts, ^c., 

38. Sulphate of baryta. 

39. Sulphate of strontia. 

40. Chloride of lead. 

41. Sulphate of lead. 

42. Silica. 


insoluble in Water and Acids 
(p. 131). 

43. Chloride of silver. 

44. Fluoride of calcium. 

45. Silicate of alumina (pipe 

clay). 


46. j 

«•{ 

«.j 

49. 

50. 


52. 


f Carbonate of soda. 


(d.) Mixed Salts, ^c,, soluble in Water (p, 147).^ 
Sulphate of copper. 51. Tartar-emetic. 

Sulphate of iron. 

Nitrate of lead. 

Nitrate of silver. 

Sulphate of manganese. 

Sulphate of magnesia. 

Alum. 

Phosphate of soda and am- 
monia. 


( Sulphite of soda. 

53. Commercial cyanide of po- 
tassium (containing car- 
bonate of potash). 

I Bi borate of soda. 

( Chloride of ammonium. 


• The constituent placed first should always form the greater part of the 
mixture. 
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55. 


56. 


57. 

(e.) 


61. 


62. 


63. 


64. 


65. 


66 . 


67. 


(/.) 


75. 


76. 


77. 


78. 


79 . 


Chlorate of potash. 
Chloride of sodium, 
i Iodide of potassium. 
( Carbonate of potash. 

i Sulphate of copper. 
Sulphate of iron. 
Sulphate of nickel. 


( Sulphate of zinc. 

* I Sulphate of copper. 
59. Chrome alum. 

AH J Chloride of barium. 
( Nitrate of strontia. 


Mixed SaltSf ^c., not entirely soluble in Water, hut 
Soluble in Acids (p. 147). 


S Carbonate of lime. 
Carbonate of magnesia. 

i Binoxide of manganese. 
Peroxide of iron. 
Carbonate of baryta. 

J Sulphide of iron. 

( Arsenious acid. 

{ Peroxide of iron. 

Oxide of cobalt. 

Oxide of nickel. 
j Calomel. 

( Corrosive sublimate. 

( Acetate of lead. 

( Verdigris, 
r Sulphide of zinc. 

K Sulphide of lead. 

( Sulphide of iron. 


( Peroxide of iron. 

Binoxide of manganese. 
Phosphate of lime. , 
Arsenious acid 
{ Sulphide of antimony. 

69. < Sulphide of arsenic. 

( Sulphide of lead. 

( Oxalate of ammonia. 

' ’ ( Sulphate of lime. 

71. Chloride of lime (bleach- 
ing powder). 

72. Brass. 

73. German silver. 

„ . ( Phosphate of lime. 

I Alum. 


Mixed Salts, ^c., not entirely soluble in Water or 
Acids (p. 147.) 


j Sulphate of baryta. 
( Sulphate of lime, 
f Pipe clay. 

C Chrome iron ore. 
Gunpowder. 

{ Sulphide of lead. 
Binoxide of tin. 
Silica. 

Fluor spar. 

i Sulphate of lead. 
Chloride of silver. 


Vermilion. 

Red lead. 

Q- I Prussian blue. 

‘ t Carbonate of baryta. 

82. Bronze. 

83. Pewter. 

84. Type metal. 

85. Fusible metal. 

86. Crown glass. 

87. Flint glass. 

88. Red earthenware. 
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GLOSSARY OF CHEMICAL TERMS.* 


Absorption, from absorheoj to suck up ; the act of imbibing a liquid. 

Acetic Acid, from acetum, vinegar ; the acid contained in vinegar. 

Aeriform, from d?)/o, the air, and /orma, a form ; having the form 
or properties of' air. 

Affinity, from ad, to, and Jlnis, a boundary ; relationship ; the 
force which causes particles of dissimilar kinds of matter to 
combine togetl)er, so as to form new matter. 

Albumen, -inous, from albumen, the white of an egg ; an impor- 
tant animal principle. The white of an egg consists chiefly 
of albumen and water, contained in a cellular tissue. 

Alcohol, from an Arabic word; the intoxicating principle of 
spirituous liquors. 

Alkali, a soluble body, with a hot caustic taste, which possesses 
the power of destroying or neutralizing acidity. The term is 
derived from the Arabic article, al, and kali, the Arabic 
name of a plant, from the ashes of which one of the most im- 
portant alkalies (potash) is obtained. 

Amalgam, from d/xa, together, and yafieu), to marry, a term sig- 
nifying the union of any metal with mercury, which has the 
property of dissolving several of the metals. 

Amorphous, from d, not, and ftop0i), a form ; not possessing any 
regular form. 

Analogue, that which is the counterpart of another. 

Analogy, -ical, and -ous, from dvd, among, and \6yog, a relation 
or proportion ; a likeness or resemblance between things, 
with regard to their circumstances or effects. 

Analysis, from dvd, among, and Xvw, to loosen ; the separation of 
a substance into its component parts. 

Angle, from anaulus, a corner; the inclination of two straight 
lines to each other, which meet together, but are not in the 
same straight line. 

♦ Many of the definitions are taken almost verbatim from Daniell’s Che- 
mical Philosophy. 
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Anhydbous, from a, not, and water ; containing no water. 

Antiseptic, from avrt, against, and (tiJttw, to putrefy ; possessing 
the power of preventing or retarding putrefaction. 

Aqua Eegia, i.e., Regal Water, a mixture of nitric and hydro- 
chloric acids ; so called from its property of dissolving gold, 
which was held by the alchemists to be the king of the metals. 

Aqueo, from aqua^ water ; when prefixed to a word denotes that 
water enters into the composition of the substance which it 
signifies, as aqiieo-sulphuric acid [Obsolete.] 

Atmolysis, from vapour, Xuw, to loosen; the scpara- 

ration of gases by diffusion through porous substances. 

Atmosphere, from cLTfibg, vapour, and (T(f)aToa, a sphere; com- 
monly used to denote the sphere of air which surrounds tho 
globe. 

Atom, -ic, from &, not, and rlfivw, to cut ; a minute particle of 
matter, not susceptible of further division. 

Attraction, -ive, from ad, to, and traho, to draw ; the tendency 
which bodies have to approach or unite with each other. 

Azote, from d, not, and life ; another name for nitrogen ; so 
called because it is incapable of supporting respiration. 

Barium, from Papbg, heavy ; the metallic base of baryta. 

Barometer, from fiapog, weight, and jnsrpov, a measure ; an in- 
strument for measuring tho varying pressure of the atmo- 
sphere. 

Baryta, a compound of oxygen and the metal barium, possessing 
alkaline properties. 

Basylous. Capable of being substituted for tho hydrogen in 
acids, to form salts. 

Bibulous, from bibo, to drink ; that which has tho property of 
drinking in, or absorbing moisture. 

Boron, a dark, olive-coloured elementary substance, obtained 
from boracic acid, insoluble in water, and a non-conductor of 
electricity. 

Bromine, from ppwfiog, a strong odour ; an elementair liquid of a 
reddish-brown colour and suffocating smell ; in chemical pro- 
perties it strongly resembles chlorine. 

Caloric, from calor, heat; an imaginary fluid substance, supposed 
to be diffused through all kinds of matter, and the sensible 
effect of which is called heat. 

Capillary, from capillus, a hair; resembling, or having the tubu- 
lar form of hairs. 
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Capsule, from capsyla^ a little chest ; a small shallow cup. 

Carbon, from carbo, a coal ; the chemical name for charcoal. 

Caustic, from Kaicj, to burn ; possessing the power of burning. 

Chemistry, -ical, from an Arabic word, signifying the knowledge 
of the substance or constitution of bodies ; the science whose 
object it is to examine the constitution of bodies. 

Chlorine, from x:^wp6c, green ; a greenish coloured elementary 
gas, of a pungent suffocating smell, and possessing very active 
chemical properties. 

Chlorous ; capable of being substituted for chlorine in its combi- 
nations with hydrogen or the metals. 

Cleavage, Plane of, the plane in which crystals have a tendency 
to separate. 

Cohesion, from con, together, and Jicereo, to stick; the power 
which causes the molecules of a body to cling together and 
resist separation. 

Combustion, from comburo^ to burn ; the disengagement of light 
and heat, which frequently accompanies chemical combi- 
nation. 

Conduction, from con, together, and duco, to lead ; the power of 
transmitting heat or electricity, without change in the rela- 
tive position of the particles of the conducting body. 

Congelation, from con, together, and gelo^ to freeze ; the process 
of freezing. 

Constituent, from constituo, to put together ; that of which any- 
thing consists, or is made up. 

Contraction, from con, together, and traho, to draw; the state of 
being drawn into a narrow compass, or becoming smaller. 

Convex, from con, together, and veho, to carry ; curved outwardly 
or protuberant. 

Corpuscular, from corpus^ a body ; composed of, or relating to, 
atoms. 

Crystallography, from KpuaraWoc, a crystal or ice, and ypd^oi, 
to describe ; the science which treats of crystals. 

Crystallization ; the formation of crystals during the passage of 
certain substances from a fluid to a solid state. 

Cube, -ic ; a solid figure contained by six equal squares. 

Cyanogen, from Kvavoc^ blue, and -veppctw, to produce ; a colour- 
less gas composed of carbon and nitrogen. Its chemical pro- 
perties much resemble those of chlorine ; it derives its name 
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from the circumstance of its entering into the composition of 
Prussian-blue. 

CrANiDE ; a compound of cyanogen with a metal is called a cy- 
anide : as cyanide of potassium. 

Decomposition ; the resolution of a compound substance into its 
component parts. 

Decrepitation, from de^ from, and crepito^ to crackle ; the crack- 
ling noise which certain salts make when heated, usually 
caused by the sudden escape of steam. 

Deflagration, from dejiagro^ to bum; burning very rapidly. 

Deliquescence, from deliqueo^ to melt ; a gradual melting or dis- 
solving, caused by the absorption of water from the atmosphere. 

Density, from densus^ thick ; vicinity or closeness of particles ; 
specific weight. 

Deoxidize ; to deprive of oxygen. 

Detonation, from detono^ to thunder ; explosion accompanied with 
noise. 

Dialysis, from through, and Xua>, to loosen ; the separation 
of crystallizablo from uncry stallizable substances, by difiusion 
of their solutions through membranes. 

Diaphanous, from ^id, through, and 0aiVa», to shine ; that which 
allows a passage to the rays of light, but disperses them so as 
to prevent direct vision. 

Diathermanous, from ^td, through, and heat; that 

through which heat will pass, is said to be diathermanous. 

Dimorphous, from twice, and fiop(pi)f a form ; having two dis- 
tinct crystalline forms. 

Disintegration, from dis, meaning separation, and integer ^ whole ; 
a complete separation of particles. 

Distillation, a separation drop by drop ; the process by which a 
fluid is separated from another substance by being first con- 
verted into vapour, and afterwards condensed drop by drop. 

Dodecahedron, from tCjhiKa, twelve, and fc^por, a base or side ; a 
solid figure contained by twelve equal sides. 

Ebullition, from ehuUiOy to boil, the act of boiling. 

Effervescence, the escape of bubbles of gas formed in a liquid, as 
when marble is decomposed by hydrochloric acid. 

Efflorescence, from effloresco^ to blow as a flower ; the formation 
of small crystals on the surfaces of bodies in consequence 
of the abstraction of water from them by the atmosphere. 
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Electricity, from rjXeKrpov^ amber ; the name of a power of 
matter, which produces a variety of peculiar phenomena, the 
first of which were observed in the mineral substance called 
amber ; the laws, hypotheses, and experiments by which they 
are explained and illustrated constitute the science of elec- 
tricity. 

Electrode, from ^Xeicrpov, electricity, and o^dg, a way; the 
point at which an electric current enters or quits the body 
through which it passes. 

Electrolysis, -lyte, from r/X£icrpoi>, electricity, and Xuoi, to loosen ; 
the act of decomposing bodies by electricity. 

Element, from elementum^ an element; that which cannot be re- 
solved into two or more parts, and contains but one kind of 
ponderable matter. 

Empyreumatic, from fv, in, and wvp, fire; having the taste or 
smell of burnt animal or vegetable substances. 

Endosmose, from ivdov, within oxt/xoc, the act of pushing; a 
flowing from the outside to the inside. 

Equivalent, from oequm^ equal, and valeo, to be worth ; equal in 
value, or In the power of combining with other substances. 

Evaporation, from <?, out, and vapor ^ vapour; the conversion of a 
liquid into vapour. 

Exosmose, from without, and uxrpoQ, the act of pushing ; a 
flowing from the inside to the outside. 

Expansion, from expando^ to open out ; the enlargement or in- 
crease in the bulk of bodies, which is produced by heat. 

Experiment, from experior^ to attempt, to try ; something done 
in order to discover an uncertain or unknown effect. 

Explosion, from ex^ out, and plaudo^ to utter a sound ; a sudden 
expansion of an elastic fluid, with force and a loud report. 

Fermentation, from ferrnentwn, that which is light and puffy ; 
originally applied to the process by which alcohol is formed 
in saccharine liquids. A metamorphosis or transposition of 
particles caused by contact with a substance in a state of 
chemical change. 

Ferruginous, from/crrwm, iron ; belonging to, or containing iron. 

Filter, a strainer. 

Fluorine, from jiuo, to flow ; an elementary principle contained 
in fluor spar, which is so called from its acting as a flux in 
the working of certain minerals. 

Flux, from Jluo^ to flow^ ; that which assists in the fusion of other 
substances when mixed with it. 
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Focus, from/oriw, a fire-place ; a point in which a number of rays 
of light or heat meet, after being refracted or reflected. 

Gas, a permanent aeriform fluid. 

Gelatinous, from gelo^ to freeze, resembling jelly. 

Gravity, from gravis, heavy ; the natural tendency of bodies to 
fall towards a centre, usually the centre of the earth. 

Gravity, Specific ; the relative gravity or weight of a body, con- 
sidered with regard to an equal bulk of some other body, 
which is assumed as a standard of comparison. 

Heterogeneous, from erfpoc, different, and yevoc, kind ; different 
in nature and properties. 

Homogeneous, from ofiog, like, and y^vog, kind ; alike in nature 
and properties. 

Homologous, from 6fi6g, like, and \6yog, a relation; a term 
applied to a series of compounds increasing by like additions 
of the same elements. 

Hydrate, from ^vater ; any substance which contains water 
chemically combined. 

Hydrogen, from vdwp, water, and yivvatj, to produce ; an inflam- 
mable, colourless, and aeriform fluid; the lightest of all known 
substances, and one of the elements of water. 

Hydro ; when prefixed to the name of a chemical substance, de- 
notes that hydrogen enters into the composition of the sub- 
stance which it signifies. 

Hydrostatics, from vSwp, water, and (rrarog, poised ; the branch 
of Natural Philosophy, which treats of the pressure and equi- 
librium of non-elastic fluids, and also of the weight, pressure, 
&c., of solids immersed in them. 

Hypo, from utto, under ; when prefixed to a word, denotes an in- 
ferior quantity of some ingredient which enters into the com- 
position of the substance which it signifies. 

Hypothesis, from virb, under, and to place ; a principle 

supposed, or taken for granted, in order to prove a point in 
question. 

Ignite, from ignis, fire ; to heat a substance to redness ; to set on 
fire. 

Imponderable, from in, not, and pondero, to weigh ; that which 
has no perceptible weight. 

Incandescent, from incandesco, to grow white ; white or glowing 
with heat. 
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Increment, from incresco, to increase ; the quantity by which 
anything increases or becomes greater. 

Induction, electrical, from to, e^ndiduco^ to lead; the effect 
produced by the tendency of an insulated electrified body to 
excite an opposite electric state in neighbouring bodies. 

Inertia, from inertia, inactivity ; the disposition of matter to 
remain in its state of rest or motion. 

Inflammable, from in, and flamma, a flame ; capable of burning 
with a flame. 

Insulation, from insula, an island ; when a body containing a 
quantity of free heat or electricity is surrounded by non-con- 
duc'tors, it is said to be insulated. 

Interstices, from interstitium, a break or interval ; the unoccu- 
pied spaces between the molecules of bodies. 

Iodide ; a compound of iodine and a metal. 

Iodine, from lov, a violet, and d^oq, the fonn or likeness ; a soft 
opaque elementary substance, which, when heated, sublimes 
in the form of a violet-coloured vapour. 

Isomeric, fi om equal, and fifpoq, a part ; substances which 
consist of the same ingredients, in the same proportions, 
and yet differ essentially in their properties, are called 
isomeric, 

LAMiNiE, from lamina, a thin plate; extremely thin plates, of 
which some solid bodies are composed. 

Levioation, from Imvis, smooth ; the reducing of hard bodies to 
a very fine powder, by grinding with water. 

Lignin, from lignum, wood ; an organic principle found in ligneous 
structures. 

Litmus ; a blue pigment obtained from the lichen rocceUa ; it is a 
most delicate test for acids, which turn it red. 

Malleable, from malleus, a hammer ; that which is capable of 
being spread out by hammering. 

Metallurgy, from gsTaWoVy a metal, and ipyov, a work ; the 
art of working metals, and separating them from their ores. 

Molecules, -ar, a diminutive from moles, a mass ; the infinitely 
small material particles, of which bodies are conceived to be 
aggregations ; tne smallest particles capable of independent 
existence. 

Mucilaginous ; resembling mucilage or gum, 

Mueexide, from murex, a fish affording a purple dye ; a beautiful 
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purple compound, resulting from the decomposition of uric 
acid by means of nitric acid. 

Nascent, from nascor^ to be bom ; in the moment of formation. 

Nitrogen, from vlrpov, nitre, and yevvdw, to produce ; a colour- 
less elementary gas, devoid of taste and smell ; it is one of 
the constituents of the atmosphere, and also of nitric acid, 
from which latter circumstance it derives its name. 

Nitrogenous ; containing nitrogen in combination. 

Nucleus, from nucleva, a kernel ; the central parts of a body, 
which are supposed to be firmer, and separated from the 
other parts, as the kernel of a nut is from the shell ; also, 
the point about which the matter is collected. 

OcTOHEDRON, -AL, from 6Kru), eight, and t^pa, a side ; a solid 
figure contained by eight equal and equilateral triangles. 

Olefiant gas, from oleum, oil, and Jio, to become ; a colourless 
gas, composed of carbon and hydrogen, which derives its 
name from its property of forming an oil- like liquid with 
chlorine. 

Organic matter, from opyavov, an organ ; matter of which the 
organic parts or juices of plants arid animals are composed, 
or which is derived from such parts by the action of chemical 
agents, is called organic. 

Oxide ; a compound of oxygen with a metal or non-metallic body, 
not having acid properties. 

Oxidize ; to combine with oxygen. 

Oxygen, from 6^vc, acid, and yevvdoj, to produce ; a colourless 
elementary gas, which was formerly supposed to be the uni- 
versal acidifying principle. 

Pellicle, a diminutive from pellis, a skin or crust ; a thin cnist 
formed on the surface of a solution. 

Percolate, from per, through, and colo, to strain; to strain 
through. 

Permeate, from permeo, to pass through ; to penetrate. 

Phenomenon, from paivopai, to appear ; an appearance which is 
more or less remarkable. 

Philosophy, from (piXso), to love, and (rotpla, wisdom ; the study 
or knowledge of nature or morality, founded on reason and 
experience ; the word originally implying “ A love of wisdom.” 

Phlogiston, from to burn ; a name given by the older 

chemists to an imaginary substance, which was considered as 
the principle of inflammability. 
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Phosphorus, from (pwQj light, and (pepto, to produce ; a highly 
inflammable elementary substance, obtained from calcined 
bones, which emits light when placed in the dark, owing to 
its undergoing a slow combustion. 

Physics, -ical, from nature ; the science of natural bodies, 

their phenomena, causes, and effects, with their affections, 
motions, and operations. 

Pneumatics, from irvEvpia^ air; that branch of Natural Philo- 
sophy which treats of the weight, elasticity, and other pro- 
perties of aeriform fluids. 

Polarity ; the opposition of two equal forces in bodies, similar to 
that which confers the tendency of magnetized bodies to point 
towards the magnetic poles. 

Polarized light; light which, by reflection or refraction at a 
certain angle, or by refraction in certain crystals, has acquired 
the property of exhibiting opposite effects in planes at right 
angles to each other, is said to be polarized. 

Pores, from Tropof, a passage ; the small interstices between the 
solid particles of bodies. 

Precipitation, from prcecipito, to fall suddenly ; the formation 
and separation of a solid substance in a liquid. 

Product, from pro, forth, and diicOy to draw ; anything formed 
from the elements of another by an operation. 

Pyro, from 7ri»p, fire ; when prefixed to a word, denotes that the 
substance which it signifies has been formed at a high tem- 
perature. 

Qualitative ; regarding the properties of a body, and the kinds 
of matter of which it is composed, without reference to quan- 
tity. 

Quantitative ; regarding quantities. 

Radiation, from radius^ a ray ; the shooting forth in all direc- 
tions from a centre. 

Radical (or radicle), an element ; or a group of elements capable 
of being transferred from one form of combination to another 
without decomposition. 

Rarefaction, from rams, rare, and facio, to make ; the act of 
causing a substance to become less dense; it also denomi- 
nates the state of this lessened density. 

Rectification ; the process of drawing anything off by distilla- 
tion, in order to obtain it in a state of greater purity. 

Refraction, from re, back, and frangoy to break ; the deviation 
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of rays of light or heat from their direct course, when passing 
through media of different densities. 

Kefrigeration, from re, again, and friguSj cold; the act of 
cooling. 

Repulsion, from re, back, and pello, to drive ; that property in 
certain bodies, whereby they mutually tend to recede from 
each other. 

Salipjaiile bases, from sal, salt, and Jio, to become ; bodies 
capable of combining with acids, to form salts. 

Sapid, from sojno, to taste of; possessing the power of exciting 
the organs of taste. 

Saturation, -ated, from satur, full ; the solution of one body in 
another until the receiving body can contain no more. A 
solution is said to be saturated with an acid or an alkali, 
when the latter is added in sufficient quantity to render it 
neutral, and supersaturated when the point of neutrality has 
been exceeded. 

Solution, from soloo, to loosen or molt; any liquid which con- 
tains another substance dissolved in it. 

Solvent; any substance which will dissolve another. 

Specific, from S2)ecies, a particular sort or kind ; that which deno- 
minates any property which is not general, but is confined to 
an individual or species. 

Specific gravitv ; see Gravity, specific. 

Spectrum ; the image formed by the refraction and dispersion of 
luminous rays by a prism. 

Sublimation, from suhlmiis, high ; the act of raising into vapour 
by means of heat, and condensing in the upper part of the 
vessel in a solid state. 

Sulphide (Sulphuret) ; a combination of a metal with sulphur. 

Supersaturate ; see Saturation. 

Ternary, from ter, thrice ; containing three units. 

Tetrahedron, from TEtrerapeg, four, and tdpa, a base or side ; a 
solid figure contained by four bqual and equilateral triangles. 

Titration ; the determination of the strength of a solution by 
volumetric analysis. 

Transparent ; a term to denote the quality of a substance which 
not only admits the passage of light, but also the images of 
external objects. 

Triturate, from trituro, to thresh; to reduce to powder. 

IT 
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Vacuum, from vacuus^ empty ; a space empty, and devoid of all 
matter. 

Volume, from volumen, a roll ; the apparent space occupied by a 
body. 

Volumetric analysis; analysis by measurement of solutions. 

Weight ; the pressure which a body exerts vertically downwards 
in consequence of the action of gravity. 

Zero ; the numeral 0, which fills the blank between the ascend- 
ing and descending numbers of a series. 
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Bismuth, action of reagents on 72 

Bisulphide of carbon, properties of 218 

Black flux 226 

Bleaching powder, test for 110 

Blowpipe flame 30 

,, experiments with 39 

,, systematic analysis by 52 

,, Water 30 

Boracic acid, action of reagents on 113 

Borax 226 

,, identified 44 

Bottles for reagents 222 

Bromic acid, action of reagents on 271 

Bromine detected 271 

Bulbs, glass, made 36 

Bunsen’s burner 188 

Burette 204 

Burning filters 184 

Cadmium detected 159 

,, action of reagents on 260 

,, separated from copper 159 

CiEsium, tests for 260 

Calcium, chloride 228 

,, ,, preparation of 244 

,, tests for 98 

Calculation of results in analysis 189 

Calomel, behaviour with reagents 70 

„ distinguished from corrosive sublimate .... 48 

Carbonate of ammonia, impurities in 226 

,, ,, preparation of 244 

,, ,, uses of 226 
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Carbonate of potash, impurities in 227 

,, soda, impurities in 227 

,, ,, fusion with 132 

Carbon, detected 131 

Carbonic acid, action of reagents on 115 

,, in carbonates, estimated 197 

,, prepared and experimented with .... 8 

,, substances heated in 62 

,, oxide, prepared and experimented with .... 14 

Cerium, tests for 260 

Charcoal support 40 

,, specific gravity of 67 

Chemical terms, Glossary of 280 

Chloric acid, action of reagents on 109 

Chloride of ammonium 228 

,, barium 228 

,, ,, preparation of 244 

,, calcium 228 

,, ,, preparation of 244 

Chlorine, estimation of 195 

,, generated 13 

,, properties of 13 

Chlorous acid, tests for 271 

Chromate of potash 229 

Chromic acid, action of reagents on 88 

Chromium, oxide, action of reagents on 87 

Cinchonine, detection of, in quinine 124 

Citric acid, action of reagents on 121 

Cleaning apparatus 2 

Cobalt, action of reagents on 95 

„ nitrate 234 

Coloured flame tests 53 

Copper, action of reagents on 73 

,, ammouio-sulphate 81 

,, arsenite 81 

,, estimation of 192 

,, identification of 74 

,, pyrites, analysis of 213 

,, sulphate, analysis of 190 

,, ,, as a reagent 239 

Cork-boring 61 

,, specific gravity of 57 

Corrosive sublimate and calomel distinguished 48 

Crucible jacket 18^ 

Crucible, platinum . . 187 

Cupellation with the blowpipe 50 

Cyanide of potassium 229 
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Cyanide of potassium, preparation of 244 

Decantation of gases 7 

„ washing precipitates by 184 

Deflagrating spoon 18 

Deflagration 48 

Desiccation in vacuo 186 

Distillation of ammonia 27 

,, hydrochloric acid 26 

,, nitric acid 28 

,, water 23 

Dropping-tube made 34 

Diying 176 

Earthy phosphates detected 138, 160 

Equations 4 

Ether, Table of S 2 )ecific gravities of 257 

Evaporation 185 

Ferricyanide of potassium 229 

Ferricyanides, tests for 272 

Ferrocyanide of potassium 229 

Ferrocy an ides, tests for 272 

Ferric oxide, testa for 92 

Ferrous oxide, tests for 91 

Filters, ashes estimated ; their composition 184 

,, burning of 184 

„ dried 188 

,, folded 25 

Filtering hot solutions 182 

Filtering-blocks 181 

Filtering-ring 181 

Filtration 180 

Flame, Oxidizing and Reducing 31 

Flasks, uses of 178 

Fluorine, tests for 112 

Fluor spar identified 46 

Formic acid, action of reagqnts on 275 

Formulae, calculation of 216 

French Weights and Measures 249 

Funnels 180 

Fusion with carbonate of soda 132 

Gallic acid, action of reagents on 122 

Gallium, tests for 261 

Gas burners 188 

Gaseous manipulation 5 

Gases, dned 60 
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Gases, soluble, preparation of 19 

,, substances heated in HO 

,, transferred 7 

Glass, annealed 33 

„ bending of 33 

,, bulbs made 36 

„ German and English 32 

„ stirrers made 33 

,, siphon made 34 

,, tubes hermetically sealed 38 

„ „ joined .36 

Glass-working 30 

Glasses cleaned 2 

,, precipitating 179 

Glossary of chemical terms 280 

Glucina, action of reagents on 261 

Gold, oxide, action of reagents on 262 

Graphite, detected 133 

Gravity, specific ; see Specific gravity 65 

Gunpowder, quantitative analysis of 216 

Heating in gases 60 

Hydrated salts, estimation of water in 190 

Hydriodic acid, action of reagents on Ill 

Hydrobromic ,, „ 271 

Hydrochloric acid, action of reagents on 109 

,, ,, distillation of 26 

,, ,, gas, prepared and experimented with . . 19 

,, ,, impurities in 230 

,, ,, Table of specific gravities of .... 253 

„ ,, uses of 230 

Hydrocyanic acid, action of reagents on 118 

Hydfoferrocyanic „ ,, 119 

Hydroferricyanic acid, tests for 272 

Hydrofluoric acid, action of reagents on 112 

Hydrofluosiiicic acid 230 

,, ,, tests for 272 

Hydrogen, prepared and experimented with 5 

,, reduction of metallic oxides in 60 

Hydroselenic acid, action of reagents on 272 

Hydrosulphate of ammonia 231 

,, ,, preparation of 231 

Hydrosulphuric acid, action of reagents on 106 

, , apparatus, tubes prepared .... 37 

,, preparation of 231 

,, uses of 233 

Hypocblorous acid, action of reagents on 110 
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Hypophosphorous acid, tests for 278 

Hyposulphuric acid, action of reagents on 273 

Hyposulphurous acid ,, ,, 105 

Ignition 187 

Imperial Measure 248 

Incandescence 52 

India rubber connector 61 

Indigo sulphate 240 

Indium, tests for 262 

Intumescence 44 

Iodic acid, action of reagents on 273 

,, detected 273 

Iodide of potassium 233 

,, ,, identification of 101 

Iodine, tests for Ill 

Iridium, oxide, action of reagents on 262 

Iron, estimation of 206, 212 

,, identification of , . . ‘ 93 

,, perchloride, prepared 245 

,, ,, uses of 237 

,, volumetric determination of 206 

,, peroxide, action of reagents on 92 

, , protoxide, action of reagents on 91 

Jacket, crucible 188 

J et, specific gravity of 56 

Lamp, gas 188 

,, mixture of gas and air 188 

,, Hose’s 188 

Lanthanium, tests for 263 

Lead, acetate 223 

,, chloride 68 

,, chromate 69 

,, identification of 69 

,, iodide 69 

„ oxide, action of reagents on 68 

,, sulphate 69 

Levigation 63 

Lime, action of reagents on 98 

,, estimation of 196 

,, oxalate 116 

„ phosphate 107 

,, sulphate 239 

Liquids, examination of 134, 155 

Lithia, action of reagents on 263 
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Magnesia, action of reagents on 99 

, , ammonio-phosphate of 99 

,, blowpipe test for 47 

„ estimation of 199 

,, sulphate of 240 

Magnesian limestone, analysis of 211 

Magnesium, tests for 99 

Malic acid, action of reagents on 275 

Manganese, protoxide, action of reagents on 90 

,, blowpipe test for 47 

Manganic acid, action of reagents on .270 

,, ,, detected 90 

Marble, specific gravity of 66 

Marsh’s test for arsenic 81 

Measures, Imperial 248 

,, ,, weight of water contained in .... 248 

,, ,, cubic inches contained in 264 

Measuring flasks 202 

Mercury, perchloride, reagent 237 

,, periodide 72 

,, peroxide, action of reagents on 71 

,, suboxide, action of reagents on 70 

Metals, action of reagents on 65 

Metaphosphoric acid, tests for 273 

Microcosmic salt 237 

Molecular weights 4 

Molybdate of ammonia, as a test for phosphoric acid . . .108 

Molybdenum, oxide, action of reagents on 264 

Molybdic acid, action of reagents on 270 

Morphine, action of reagents on 123 

Mouth blowpipe, how used 39 

, ,, experiments with 39 

,, systematic analysis by 52 

Muriate of ammonia 228 

Nickel, action of reagents on 93 

Nitrate of baryta 234 

,, cobalt 234 

,, potash, impurities in 234 

,, silver, impurities in 235 

,, „ preparation of 245 

Nitric acid, action of reagents on 103 

,, distillation of 28 

„ impurities in 235 

„ Table of specific gravities of 252 

„ uses of 236 

Nitric oxide, prepared and experimented with 11 
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Nitrogen detected . 103 

Nitrohydrocbloric acid 236 

Nitroprusside of sodium as a test for sulphur 106 

Nitrous acid, tests for 273 

Notes to Tables I— VII 143 

„ „ X-XVII 170 

Oil bath 187 

Olefiant gas, prepared and experimented with 12 

Opium, tests for 123 

Organic bases, action of reagents on 123 

,, matter detected 128 

Osmium, oxide, action of reagents on 265 

Oxalate of ammonia, uses of 236 

Oxalic acid, action of reagents on 116 

,, impurities in 236 

,, preparation of 245 

Oxidizing flame 31 

Oxides, metallic, reduced by hydrogen 60 

Oxygen, prepared and experimented with 16 

Palladium, action of reagents on 265 

Perchloric acid, action of reagents on 273 

Perchloride of iron, prepared 245 

,, ,, a reagent 237 

,, of mercury 237 

Periodic acid, tests for 273 

Permanganic acid, detected 90 

Phosphate of soda 237 

,, of soda and ammonia , 237 

Phosphates, earthy, detected 138, 160 

Phosphoric acid, action of reagents on 107 

Phosphorous acid, action of reagents on 274 

Phosphorus, how met with 107 

Pipette 205 

Platinum, bichloride 225 

,, crucible 187 

,, detected 144 

,, action of reagents on 265 

Pneumatic trough 6 

Potash, acetate 224 

,, action of reagents on 100 

,, antimoniate 225 

,, bi tartrate 101 

,, carbonate 227 

,, chromate 229 

,, impurities in 238 
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PAGE 

Potash, nitrate 234 

,, preparation of 245 

,, red prussiate 229 

,, Table of specific gravities of 254 

,, uses of 238 

,, yellow prussiate 229 

Potassium and platinum, double chloride of 101 

,, cyanide 229 

,, ferricyanide 229 

,, ferrocyanide 229 

,, iodide 233 

,, tests for 100 

Precipitating glasses 179 

Precipitates, dried 183 

,, filtered 180 

,, washed 181 

Precipitation, precautions respecting 179 

Protochloiide of tin 238 

Prussian blue 92 

Prussiates of potash 229 

Pulverization 176 

Pyrites, copper, quantitative analysis of 213 

Pyrophosphoric acid, tests for 274 


Qualitative analysis, list of salts for practice in 278 

,, » of alloys 153 

,, „ mixed salts 146 

,, „ ,, insoluble in water and acids 149 

,, ,, ,, soluble in acids .... 155 

,, ,, ,, soluble in water .... 155 

,, „ simple insoluble salts 13l 

,, ,, ,, salts soluble in acids . . . 134 

,, ,, ,, soluble salts 134 

Quantitative analysis 175 

,, ,, of chloride of sodium 194 

,, ,, of copper pyrites 213 

,, ,, of gunpowder 216 

,, ,, of magnesian limestone 211 

,, ,, of sulphate of copper 190 

,, ,, operations in 176 

Quinine, detection of cinchonine in 124 

,, tests for 124 


Reagents described 222 

„ mode of improvising 242 

Reducing flame 31 

Reduction test for arsenic 78 
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Reinsch’s test for arsenic 84 

Rhodium, action of reagents on 266 

Rods, stirring, made 33 

Rose’s lamp 188 

Rubidium, tests for 266 

Ruthenium, tests for 266 

Sal-ammoniac (chloride of ammonium) identified . . . . 41 

Saline baths 187 

Sealed tubes 34 

Selenic acid, action of reagents on 274 

SelenioiiH acid, action of reagents on 274 

Silica, identified 49 

Silicates, fusion with carbonate of soda 132 

Silicic acid, action of reagents on 114 

Silver, ammonio-uitrate 81 

,, chloride 68 

,, identification of 68 

,, nitrate 225 

,, action of reagents on 67 

,, pho-sphate 108 

Siphon tube, made 33 

Soda, action of reagents on 101 

,, antimoniate . 101 

,, hi borate 226 

„ carbonate 227 

,, phosphate 237 

,, Table of specific gravities 255 

Sodium, tests for 101 

Solids, examination of 127 

Solubility of salts. Table of 258 

Soluble gases, preparation of 19 

Solution 178 

Specific gravity, effects of temperature on 55 

,, of insoluble powders 57 

,, of liquids 58 

,, of solids 55 

„ ,, lighter than water 56 

Stannous oxide, tests for 74 

Starch, solution of 239 

Stirring rods, made 33 

Strontia, action of reagents on 97 

„ blowpipe test for 50 

Strontium, tests for 97 

Strychnine, tests for 125 

Sublimation 41 

Succinic acid, action of reagents on 276 
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Sulphate of copper, analysis of 190 

,, ,, as a reagent 239 

Sulphate of indigo 240 

„ of lime 239 

Sulphates, blowpipe test for 51 

Sulphides, action of reagents on 104 

Sulphur, detected 51 

,, ,, in organic substances 106 

„ estimation of 212, 219 

„ tested 240 

,, identified . 61 

Sulphuretted hydrogen, action of reagents on 106 

„ ,, ,, apparatus, tubes prepared . ... 37 

„ ,, ,, preparation of 231 

Sulphuric acid, action of reagents on 104 

,, desiccation over 186 

,, estimation of 191 

,, impurities in . 240 

„ Table of specific gravities of 251 

,, uses of 241 

Sulphurous acid, action of reagents on 105 

Symbols 4, 247 

,, and formulae of reagents . . . ; 223 


Table, strength of Alcohol 256 

,, ,, Ammonia 255 

,, ,, Ether 257 

,, ,, Hydrochloric acid 253 

,, ,, Nitric acid 252 

„ ,, Potash 254 

,, ,, Soda 255 

^ ,, Sulphuric acid 251 

,, showing the action of reagents on oxides and acids . 269 

,, showing the solubility of salts 258 

Tables for analysis of complex substances . . . , . .157 

,, ,, simple „ 136 

Tannic acid, action of reagents on 122 

Tartaric acid, action of reagents on 119 

,, impurities in 241 

,, preparation of 246 

„ uses of 241 

Testing Tables 259 

Test tubes, cleaned 2 

,, made 34 

Thallium, tests for 267 

Thorinum, 267 

Tin, identified 75 



304 INDEX. 

PA61S 

Tin, peroxide, action of reagents on 75 

,, protochloride, reagent 238 

,, protoxide, action of reagents on 74 

Titanic acid, detected 150 

Tube, for blowpipe experiments 39 

,, hermetically sealed 38 

,, glass, joined 36 

,, siphon, made 33 

Tungstic acid, action of reagents on 270 

Uranium, action of reagents on 267 

Vanadic acid, action of reagents on 270 

Vanadium, oxide, action of reagents on 268 

Volumetric analysis 202 

Washing-bottle, tubes for 37 

Washing precipitates . . . 181 

Water, distillation of 23 

,, distilled 241 

„ estimation of, in salts 190 

,, impurities of, detected 242 

Water-bath 185 

Water- blowpipe 30 

Weighing 177 

Weights and measures, French 249 

„ ,, Tables of 248 

Yttria, action of reagents on 268 

Zinc, action of reagents on 89 

„ blowpipe, test for 62 

„ granulated 242 

„ identification of 89 

Zirconia, action of reagents on 268 


TUE END. 
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ALSO, 

On Poisons, in relation to Medical Juris- 

prudence and Medicme Third Edition With 104 Engravings. 
Crown 8vo, 10e 

TIDY AND WOODMAN— A Handy-Book of 

Forensio Medicme and Toxicology By C Mbyhott Tidy, M B ; and 
W Bathurst Woodman, M.1> , F E C P With 8 Lithographic Hates 
and 116 Wood Engravings 8vo, 81s. 6d. 


NEW BURLINGTON STREET. 


1 





J. Sf A. ChurchilVe Medical Class Books. 


HYGUBNE. 

PARKES.—Pi. Manual of Practical Hygiene. 

By Eduukd a. Pabkes, M.D., F.B.8. Fifth Edition by F. Db CHAUicoxTf 
M.D., F.B.S., Professor of Military Hygiene in the Army Medical 
School. With 9 Plates and 112 Engravings. 8vo> 186. 

WILSON . — A Handbook of Hygiene and Sani- 

tary Bdenoe. By Geobge Wilson, M.A., M.D., Medical Officer of 
Health for Mid Warwickshire. Fourth Edition. With Engraving!. 
Crown 8vo, lOs. 6d. 


MATERIA MEDICA AND THERAPEUTICS. 
BINZ AND SPARKS.— The Elements of Thera- 

peutios: a Clinical Ghiide to the Action of Medicines. By C. 
Binz, M.I)., Professor of Pharmacology in the University of Bonn. 
Translated and Edited with Additions, in conformity with the Britidi 
and American Pharmacopoeias, by Edward I. Spares, M.A., M.B., 
F.B.C.P. Lond. Crown 8vo, Ss. 6d. 

OWEN . — Tables of Materia Medica ; com- 

prising the Contents, Doses, Proportional Composition, and Method! 
of Manufacture of Pharmacopoeial Preparations. By Isambard Owen, 
M.B., M.B.C.P., Lecturer on Materia Medica at St. George’s Hospital. 
Fifth Edition. Crown 8vo, 28. 6d. 

ROYLE AND HARLEY.— K Manual of Materia 

Medica and Therapeutics. By J. Forbes Boyle, M.D., F.B.S., and JoHir 
Hablbt, M.D., F.B.C.P., Physician to, and Joint Lecturer on Clinical 
Medicine at, St. Thomas’s Hospital. Sixth Edition. With 189 Engray- 
ings. Crown 8vo, 16 b. 

THOROWOOOD. — The Student’s Guide to 

Materia Medica and Therapeutics. By John C. Thobowoood, M.D., 
F.B.C.P., Lecturer on Materia Medica at the Middlesex HospitaL 
Second Edition. With Engravings. Fcap. 8vo, 78. 

WARING . — A Manual of Practical Therapeu- 

tics. By Edward J. Waring, C.B., M.D., F.B.C.P. Third Edition. 
Fcap. 8vo, 128. 6d. 
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MEDICISTE. 

BARCLAY . — A Manual of Medical Diagnosis. 

By A« Whytb Baeclat, M.D., F.B.C.P., late Physidan to, and 
Lecturer on Idedidne at, Bt. G^rge^a Hoepital. Third Edition. Foap. 
Byo, 108. 6d. 

CHARTERI8 . — The Student’s Guide to the 

Praotioe of Medicine. By Matthew Chabtbbis, M.D., Profeasor of 
Materia Medica, Univerai^ of Glasgow ; Physician to the Boyal Infirm- 
ary. With Sngrayings on Copper and Wood. Third Edition. Foap. 
Bvo, 78. 

FENWICK . — The Student’s Guide to Medical 

Diagnoaia. By Samijel Fehwick, M.D., F.R.C.P., Physidan to the 
London Hospital. Fifth Edition. With 111 Engravings. Fcap. 8vo, 7a 

By the same A uthor. 

The Student’s Outlines of Medical Treat- 

ment. Second Edition. Fcap. 8vo, 78. 

FLINT . — Clinical Medicine : a Systematic Trea- 

tiae on the Diagnosis and Treatment of Disease. By Austin Funt, 
M.D., Professor of the Principles and Practice of Medicine, &c., in 
Bellevae Hospital Medical College. 8vo, 20s. 

HALL . — Synopsis of the Diseases of the Larynx, 

Lungs, and Heart : comprising Dr. Edwards’ Tables on the Examina- 
tion of the Chest. With Alterations and Additions. By F. Db 
* ELa-VILLand Hall, M.D.. F.R.C.P., Assistant-Physician to the Weat- 
minster Hospital. Royal 8vo, 28. 6d. 

8AN80M . — Manual of the Physical Diagnosis 

of Diseases of the Heart, including the use of the Bphygmograph 
and Cardiograph. By .A E. Sansom, M.D., F.R.C.P., Aaaiatant- 
Physioian to the London Hospital. Third Edition. With 47 Woodcuta. 
Foap. 8vo, 78. 6d. 

WARNER. — Student’s Guide to Medical Case- 

Taking. By Francis Wabnsb, M.D., Assistant-Physician to the 
London Hospital Fcap. Svo, 68. 
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MEDICINE — continued. 

WHITTAKER. — Students’ Primer on the Urine. 

ByrJ. Tbavis Whittakeb, Clinical Demonstrator at the Boyal 

Infirm a r y, Glasgow. With Illustrations, and 16 Plates etched on 
Copper. Post 8vo, 4s. 6d. 


MIDWIFERY. 

BARNES . — Lectures on Obstetric Operations, 

including the Treatment of Heemorrhoge, and forming a Guide to the 
Management of Difficult Labour. By Robert Barnes, M.D., F.R.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, Bt. 
George’s Hospital. Third Edition. With 124 Engravings. 8vo, ISs. 

CLAY . — The Complete Handbook of Obstetric 

Surgery; or, Shoi-t Rules of Practice in every Emergency, from the 
Simplest to the most formidable Operations connected with the Science 
of Obstetricy. By Charles Clay, M.D., late Senior Surgeon to, and 
Lecturer on Midwifery at, St. Mary’s Hospital, Manchester. Third 
Edition. With 91 Engravings. Fcap. 8vo, 6s. 6d. 

RAMSBOTHAM . — The Principles and Practice 

of Obstetric Medicine and Surgery. By Francis H. Ramsbotham, M.D., 
formerly Obstetric Physician to the London Hospital. Fifth Edition. 
With 120 Plates, forming one thick handsome volume. 8vo, 22s. 

REYNOLDS . — Notes on Midwifery: specially 

designed to assist the Student in preparing for Examination. By J. J. 
Reynolds, M.R.C.S. Fcap. 8vo, 4s. 

ROBERTS . — The Student’s Guide to the Practice 

of Midwifery. By D, Lloyd Roberts, M.D., F.R.C.P., Physician to 
St. Mary’s Hospital, Manchester. Second Edition. Wil^ 111 Engrav- 
ings. Fcap. 8vo, 78. 

8CHR0EDER , — A Manual of Midwifery ; includ- 
ing the Pathology of Pregnancy and the Puerperal State. By Karl 
Bohbosdeb, M.D., Professor of Midwifery in the University of Erlangen. 
Translated by Charles H. Carter, M.D. With Engravings. Svo, 
128. 6d. 
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MIDWIPEBY — continued. 

Obstetric Aphorisms for the Use of 

Students oommencing Midwifery Practice. By Joseph G. SwAYNEt 
M.D., Lecturer on Midwifery at tie Bristol School of Medicine. Serenth 
Edition. With Engravings. Fcap. 8vo, Ss. 6d. 


MICROSCOPY. 

CARPENTER . — The Microscope and its Revela- 

tions. By William B. Carpektkr, C.B., M.D., F.R.S. Sixth Edition, 
With 26 Plates, a Coloured Frontispiece, and more than 500 EngravingSr 
Crown 8vo, 16s. 

MARSH , — Microscopical Section-Cutting : a 

Practical Guide to the Preparation and Mounting of Sections for the 
Microscope, special prominence being given to the subject of Animal 
Sections. By Dr. Sylvester Marsh. Second Edition. With 17 
Engravings. Fcap. 8vo, Ss. 6d. 

MARTIN . — A Manual of Microscopic Mounting 

By John H. Martin, Member of the Society of Public Analjrsts, 
Second Edition. With several Plates and 144 Engravings. 8vo, 7b. 6d, 


OPHTHALMOLOGY. 

DAGUENET . — A Manual of Ophthalmoscopy 

for the Use of Students. By Dr. Daouenet. Translated by C. S, 
Jeaffreson, Surgeon to the Newcastle-on-Tyne Eye Infirmary. With 
* Engravings. Fcap. 8vo, 58. 

HIOGENS . — Hints on Ophthalmic Out-Patient 

Practice. By Charles Hiooens, F.R.C.8., Ophthalmic Surgeon to,, 
and Lecturer on Ophthalmology at, Guy’s Hospital. Second Edition, 
Fcap. 8vo, 8s. 

JONES . — A Manual of the Principles and 

Practice of Ophthalmic Medicine and Surgery. By T. Wharton Jonbs,. 
F.R.C.B., F.R.S., late Ophthalmic Surgeon and Profetsor of Ophthalmo* 
logy to University College Hospital. Third Edition. With 9 Coloured 
Plates and 178 Engravings. Fcap. 8vo, 18s. 6d. 
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OPHTHALMOLOQY — continued. 
MAONAMARA . — A Manual of the Diseases of 

the Eye. By Chableb Macnahara, F.R.C.S.f Surgeon to, and Lecturer 
on Surgery at, Westminster Hospital. Fourth Edition. With 4 Coloured 
Plates and 66 Engrayings. Fcap. 8vo, lOs. 6d. 

NETTLE8HIP . — The Student’s Guide to Diseases 

of the Eye. By Edward Nettlebhip, F.R.C.S., Ophthalmic Surgeon 
to, and Lecturer on Ophthalmic Surgery at, Bt. Thomases Hospital. 
Second Edition. With 137 Engravings, and a Set of Coloured Papers 
illustrating Colour-bUndness. Foap. 6vo, 7s. 6d. 

WOLFE . — On Diseases and Injuries of the Eye : 

a Course of Systematic and Clinical Lectures to Students and Medical 
Practitioners. By J. R. Wolpe, M.D., F.K.C.S.E., Senior Surgeon to 
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine 
and Surgery in Anderson’s College. With 10 Coloured Plates, and 190 
Wood Engravings, 8vo. 

PATHOLOGY. 

JONES AND SIEVEKINQ.—A Manual of Patho- 

logical Anatomy. By C. Handfield Jones, M.B., F.R.S., and Edward 
H. SiEVEKiNG, M.D., F.R.C.P. Second Edition. Edited, with considep- 
able enlargement, by J. F. Payne, M.B., Assistant-Physician and 
Lecturer on General Pathology at St. Thomas’s Hospital. With 196 
Engravings. Crown 8vo, 168. 

LANCEREAUX . — Atlas of Pathological Ana- 

tomy. By Dr. Lancebeaux. Translated by W. B. Greenfield, M.D., 
Professor of Pathology in the University of Edinburgh. With 
70 Coloured Plates. Imperial 8vo, £6 6s. 

VIRCHOW. — Post-Mortem Examinations: a 

Description and Explanation of the Method of Performing them, 
with especial reference to Medico-Legal Practice. By Ihx)fessor 
Rudolph Virchow, Berlin Charity Hospital. Translated by Dr. T. B. 
Smith. Second Edition, with 4 Plates. Fcap. 8vo, 8s. 6d. 

WILKS AND ilfOJTOiV;— Lectures on Pathologi- 

cal Anatomy. By Samuel Wilks, M.D., F.E.8., Physician to, and late 
Lecturer on Medicine at, Guy’s Hospital; and Walter Moxon, M.D., 
F.B.C.P., Physician to, and Lecturer on the Practice of Medidne at, 
Guy’s Hospital. Second Edition. With 7 Steel Plates. 8vo, 18 b. 
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PSYCHOLOGY. 

BUCKNILL AND TUKE.—A Manual of Psycho- 

logical Medicine : containing the Lnnaoy Laws, Nosology, JB!tiolog 7 r 
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity, 
with an Appendix of Cases. By John C. Bucknill, M.D., F.B.S., 
and D. Hack Tuke, M.D., F.B.C.P. Fourth Edition, with 12 Plates 
(80 Figures). 8vo, 26s. 


PHYSIOLOGY. 

CARPENTER . — Principles of Human Physio- 

logy. By William B. Carpentsb, C.B., M.D., F.B.S. Ninth Edition. 
Edited by Henry Power, M.B., F.B.C.S. With 3 Steel Plates and 
877 Wood Engravings. 8vo, Sis. 6d. 

DALTON . — A Treatise on Human Physiology : 

designed for the use of Students and Practitioners of Medicine. By 
John C. Dalton, M.D., Professor of Physiology and Hygiene in the 
College of Physicians and Surgeons, New York. Seventh Edition. With 
262 Engravings. Boyal 8vo, 208. 

FREY . — The Histology and Histo-Chemistry of 

Man. A Treatise on the Elements of Composition and Structure of the 
Human Body. By Heinbicu Fbey, Professor of Medicine in Zurich. 
Translated by Arthur E. Barker, Assistant-Surgeon to the Uni- 
versity College Hospital With 608 Engavings. 8vo, 218. 

SANDERSON . — Handbook for the Physiological 

Laboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. Bubdon 
. Sanderson, M.D., F.R.8., Jodrell Professor of Physiology in University 
College; E. Klein, M.D., F.B.S., Assistant-Professor in the Brown 
* Institution ; Michael Foster, M.D., F.R.B., Preelector of Physiology 
at Trinity College, Cambridge ; and T. Lauder Brunton, M.D., F.B.S., 
Lecturer on Materia Medica at St. Bartholomew’s Hospital Medical 
College. 2 Vols., with 123 Plates. 8\^o, 248. 


surgery. 

BRYANT. — A Manual for the Practice of 

Surgery. By Thomas Bbyant, F.B.C.S. , Surgeon to, and Lecturer on 
Surgery at, Guy’s Hospital. Third Edition. With 672 Engravings 
(nearly all original, many being coloured) . 2 vols. Crown 8vo, 28 b. 
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SUBOEBY — continued. 

BELLAMY . — The Student's Guide to Surgical 

Anatomy ; a Description of the more important Surgical Begions of 
the Human Body, and an Introduction to Operative Surgery. By 
Edward Bellamy, F.R.C.8., and Member of the Board of Examiners ; 
Surgeon to, and Lecturer on Anatomy at, Charing Cross Hospital. 
Second Edition. With 76 Engravings. Fcap. 8vo, 7s. 

CLARK AND WA08TAFFE. — Outlines of 

Surgery and Surgical Pathology. By F. Lb Qbob Clark, F.R.C.S., 
F.R.S., Consulting Surgeon to St. Thomas’s Hospital. Second 
Edition. Revised and expanded by the Author, assisted by W. W. 
Waobtapfb, F.R.C.S., Assistant-Surgeon to St. Thomas’s Hospital. 
8vo, 10s. 6d. 

DRUITT . — The Surgeon’s Vade-Mecum; a 

Manual of Modem Surgery. By Robert Deuitt, F.R.C.S, Eleventh 
Edition. With 869 Engravings. Fcap. 8vo, 14s. 

FERGUSSON . — A System of Practical Surgery. 

By Sir William Fbrgusson, Bart., F.R.C.8., F.R.S., late Surgeon and 
Professor of Clinical Surgery to King’s College Hospital. With 468 
Engravings. Fifth Edition. 8vo, 2l8. 

HEATH . — A Manual of Minor Surgery and 

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners, By Christopher Heath, F.R.C.8., Holme Professor of Clinical 
Surgery in University College and Surgeon to the Hospital. Sixth 
Edition. With 116 Engravings. Fcap. 8vo. 6s. 6d, 

By the same Author. 

A Course of Operative Surgery : with 

Twenty Plates drawn from Nature by M. LfivaiLLi, and Coloured 
by hand under his direction. Large 8vo, 408. 

ALSO, 

The Student’-s Guide to Surgical Diag- 

nosis. Fcap. 6vo, 6s. 6d. 

MAUNDER . — Operative Surgery. By Charles 

F. Maunder, F.R.C.S., late Surgeon to, and Lecturer on Surgery at, 
the London Hospital. Second Edition. With 164 Engravings. Post 
8vo, 6s. 
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STTSQEBY — continued. 

PIRRIE . — The Principles and Practice of 

Surgery. By William Pibbis, F.E.B.E., late Frofeesor of Surgery in 
the University of Aberdeen. Third Edition. With 490 Engravings. 
8vo, 288. 

80UTHAM . — Regional Surgery : including Sur- 

gioal Diagnosis. A Manual for the use of Students. Part I., the 
Head and Neck. By Fbbdbbiok A. Southam, M. A., M.B. Oxon, F. R.C.S., 
Assistant-Surgeon to the Boyal Infirmary, and Assistant-Lecturer on 
Surgery in the Owen’s College School of Medicine, Manchester. 
Crown 8vo, 6 r. 6d. 


TERMINOLOGY. 

DUNGLISON . — Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, with Accentuation, Etymology, Bynonymes, Ac. 
By Roblby Dunolison, M.D. New Edition, thoroughly revised by 
Bjghabd J. Dunolibon, M.D. Boyal 8vo, 28b. 

MATNE . — A Medical Vocabulary: being an 

Explanation of all Terms and Phrases used in the various Depart- 
ments of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronimciation. By Bobebt Q. Matne, M.D., LL.D., 
and John Mayne, M.D., L.B.C.S.E. Fifth Edition. Fcap. 8vo, IDs. fid. 

WOMEN, DISEASES OP. 

BARNES . — A Clinical History of the Medical 

and Surgical Diseases of Women, By Eobbbt Baenes, M.D., F.B.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, St. 
George’s HospitaL Second Edition. With 181 Engravings. 8vo, 288. 

COTJRTY . — Practical Treatise on Diseases of 

the Uterus, Ovaries, and Fallopian Tubes. By Professor Courty, 
Montpellier. Translated from the Third Edition by his Pupil, Aunes 
M’Labbk, M.D., M.K.4.C.P. With Preface by Dr. Matthews 
Duncan. With 424 Engravings. 8vo, 24s. 

DUiVCAiV— Clinical Lectures on the Diseases 

of Women. By J. Matthews Duncan, M.D., F.E.C.P., Obstetric 
Physician to St. Bartholomew’s Hospital. 8vo, 8s. 
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SMITH . — Practical Gynaecology: a Handbook 

of the PissasoB of Women. By Hsywood Skitb, H.D., fhyBldaa to 
i3a» Hoq^tal for Women and to the Britiah I^fing^ With 

BDgrarings. Second Edition. Crown 8ro. [Xa^pMiyaralion. 


WEST AND DUNCAN.— J^ccturts on the IMs- 

eades of Women. By CHdBLBB Wbbt, MLD., 7.B.C.B. fbnrth 
Bdition. Bevised and in part re-written byfhe Anthor, with amarouB 
additions, by J. Matthkws PtnroAv, M.P., F.B.G.P., OMatric 
fhyBioian to Bt. Bartholomew's Hospital. Bro, Ids. 


ZOOliOOY* 

CHAUVEAU AND FLEMING.— Tht Compara- 

tiTS Anatomy of the Domastioated Animals. By A. Chautbau, 
Ptofessor at the Lyons Tetertnary Sdhoed ; and Gxobob FLXxnra, 
Veterinary Surgeon, Boyal Saginaem. Wl^ 450 Engrarii^ 8 yo, 
8ia. 6d. 

HUXLEY . — Manual of the Anatomy of Inverte- 

heated Antmals. By Thomas H. Hitxley, LL.D., F.B.S. WlHi 156 
B pg r a ri ng a. Fcap. Sro, l6s. 

By the eame Author. 

Msnaal of the Anatomy of Vertebrated 

Auhnale. With llO Engraarings. Poat Sro, 19s. 

WILSOH . — The Student’s Guide to Zoology: 

a Iffannal of the Principles of Zoological Soieince. BfAxovEW Wilsov, 
IdM^ijer on Natural Bistory, 4Si&rimzgh. WBA BnmringA Fcap. 
•«^la4 0d. 
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